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SUMMARY 
T h r e e e x p e r i m e n t s i n v e s t i g a t e d t h e v a r i a b l e s a s s u m e d 
t o c o n t r o l p e r f o r m a n c e u n d e r s e c o n d - o r d e r a n d c o n j u n c t i v e 
s c h e d u l e s o f r e i n f o r c e m e n t . P i g e o n s s e r v e d a s s u b j e c t s . 
I n E x p e r i m e n t I , t h e e f f e c t s on p e r f o r m a n c e o f a r r a n g i n g 
r e s p o n s e s a n d r e i n f o r c e r s i n d i f f e r e n t t e m p o r a l r e l a t i o n s h i p s 
w e r e c o m p a r e d by a d d i n g a f i x e d - r a t i o r e s p o n s e r e q u i r e m e n t t o 
a f i x e d - i n t e r v a 1 s c h e d u l e e i t h e r a s a c o n j u n c t i v e s c h e d u l e 
o r a s a u n i t s c h e d u l e i n a s e c o n d - o r d e r s c h e d u l e . O v e r a l l 
r a t e s o f r e s p o n d i n g i n c r e a s e d o v e r t h e f i x e d - i n t e r v a l r a t e . 
R e s p o n d i n g w a s m a i n t a i n e d u n d e r b o t h s c h e d u l e s t h r o u g h o u t 
t h e r a n g e s o f v a l u e s e x a m i n e d ( 1 - 3 0 0 r e s p o n s e s ) . T h e 
s e c o n d - o r d e r s c h e d u l e m a i n t a i n e d h i g h e r t e r m i n a l r a t e s o f 
r e s p o n d i n g , w h i l e t h e c o n j u n c t i v e s c h e d u l e c o n t r o l l e d s h o r t ­
e r p a u s e t i m e s . C o n s e q u e n t s t i m u l i a n d i t s a s s o c i a t i o n w i t h 
f o o d w e r e s t u d i e d i n E x p e r i m e n t I I u n d e r b o t h t h e c o n j u n c t i v e 
a n d t h e s e c o n d - o r d e r s c h e d u l e s . O v e r a l l r a t e s o f r e s p o n d i n g 
w e r e n o t f u r t h e r i n c r e a s e d . E v i d e n c e w a s p r e s e n t e d i n E x p ­
e r i m e n t I I t h a t t h e b r i e f s t i m u l i i n s e c o n d - o r d e r s c h e d u l e s 
may b e s e r v i n g a d i s c r i m i n a t i v e f u n c t i o n , r e s u l t i n g i n 
w i t h i n - u n i t p a t t e r n i n g . I n ' E x p e r i m e n t I I I , a d d i t i o n a l u n i t 
s c h e d u l e s w e r e a d d e d a s a c o n j u n c t i v e r e q u i r e m e n t t o t h e 
s e c o n d - o r d e r s c h e d u l e . T h e s e c o n d - o r d e r s c h e d u l e p e r f o r m a n c e 
w a s s u b s e q u e n t l y a l t e r e d i n a s i m i l a r m a n n e r a s w h e n a d d i t i o n 
i x 
a l s i n g l e r e s p o n s e s a r e r e q u i r e d u n d e r a f i x e d - i n t e r v a l 
s c h e d u l e o f r e i n f o r c e m e n t . F i n a l l y , f r o m a l l t h r e e 
e x p e r i m e n t s , t h e r e g e n e r a t i v e p r o p e r t y o f t h e f i x e d - i n t e r v a l 
s c h e d u l e w a s s e e n , w h e t h e r a s i n g l e r e s p o n s e o r a c o m p l e x 




I d e n t i f y i n g t h o s e e v e n t s which can s t r e n g t h e n and m a i n t a i n b e h a v i o r i s 
an i m p o r t a n t s t e p in t h e e x p e r i m e n t a l a n a l y s i s o f b e h a v i o r . One such 
e v e n t i s a r e i n f o r c e r . A c r i t i c a l f e a t u r e o f a r e i n f o r c e r i s t h a t i t s 
p r e s e n t a t i o n f o l l o w i n g some r e s p o n s e i n c r e a s e s t h e f u t u r e p r o b a b i l i t y 
o f t h e o c c u r r e n c e o f t h a t c l a s s o f r e s p o n s e s . However, a r e i n f o r c e r need 
n o t f o l l o w each r e s p o n s e i n o r d e r t o m a i n t a i n b e h a v i o r ; i t need on ly 
f o l l o w a r e s p o n s e i n t e r m i t t e n t l y . A r e i n f o r c e m e n t s c h e d u l e s p e c i f i e s t h e 
c o n d i t i o n s which must be met i n o r d e r f o r a r e i n f o r c e r t o o c c u r . Two 
r e l a t i v e l y s imple a r r a n g e m e n t s a r e r e p r e s e n t e d by f i x e d - i n t e r v a l and f i x e d -
r a t i o s c h e d u l e s . A f i x e d - i n t e r v a l s c h e d u l e ( F I t ) s p e c i f i e s t h a t t h e f i r s t 
r e s p o n s e a f t e r a f i x e d p e r i o d o f t ime ( t ) w i l l be fo l lowed by a r e i n f o r c e r . 
A f i x e d - r a t i o s c h e d u l e (FR n) s p e c i f i e s t h a t r e i n f o r c e m e n t depends upon 
t h e e x e c u t i o n o f a f i x e d number o f r e s p o n s e s ( n ) . 
Schedu le r e q u i r e m e n t s f o r r e i n f o r c e m e n t i n t e r a c t w i t h ongoing b e ­
h a v i o r t o p r o d u c e b o t h s t e r e o t y p i c and dynamic e f f e c t s ( Z e i l e r , 1 9 7 6 ) . A 
s t e r e o t y p i c e f f e c t of a s c h e d u l e i s d e m o n s t r a t e d by t h e c o n s i s t e n c y in 
c h a r a c t e r i s t i c r a t e s , a s w e l l a s t h e t e m p o r a l d i s t r i b u t i o n , o r p a t t e r n , o f 
r e s p o n s e s t h a t o c c u r between s u c c e s s i v e p r e s e n t a t i o n s o f t h e r e i n f o r c e r . 
F o r e x a m p l e , f i x e d - i n t e r v a l s c h e d u l e p e r f o r m a n c e i s c h a r a c t e r i z e d by a 
pause a f t e r r e i n f o r c e m e n t fo l l owed by an i n c r e a s e d r a t e o f r e s p o n d i n g un­
t i l t h e n e x t r e i n f o r c e r . The u n i f o r m i t y o f t h e b e h a v i o r under p a r t i c u l a r 
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s c h e d u l e s among i n d i v i d u a l s o f t h e same s p e c i e s , a c r o s s s p e c i e s , and 
w i t h i n t h e same i n d i v i d u a l o v e r t ime d e m o n s t r a t e s t h e g e n e r a l i t y o f laws 
govern ing s c h e d u l e - c o n t r o l l e d b e h a v i o r . The p e r f o r m a n c e g e n e r a t e d by 
t h e s e s c h e d u l e s o f r e i n f o r c e m e n t i s r e p e a t e d in the same form i n the f u t u r e ; 
t h i s c o n s i s t e n c y i n p a t t e r n s o f b e h a v i o r i s a d e f i n i n g a t t r i b u t e o f r e i n ­
f o r c e m e n t ( Z e i l e r , 1 9 7 6 ) . 
Dynamic e f f e c t s of s c h e d u l e s r e s u l t from i n t e r a c t i o n between ongoing 
b e h a v i o r and s c h e d u l e r e q u i r e m e n t s t h a t can l e a d t o changed p e r f o r m a n c e . 
To i l l u s t r a t e , under a f i x e d - i n t e r v a l s c h e d u l e , only a s i n g l e r e s p o n s e i s 
r e q u i r e d a f t e r t h e i n t e r v a l has e l a p s e d f o r a r e i n f o r c e r t o o c c u r , thus 
t h e number o f r e s p o n s e s e m i t t e d d u r i n g t h e i n t e r v a l i s f r e e t o v a r y . The 
e m i s s i o n o f a s m a l l number o f r e s p o n s e s dur ing s u c c e s s i v e i n t e r v a l s may 
have a " feedback" e f f e c t which can s t r e n g t h e n subsequent re spond ing s i n c e 
t h e p r o b a b i l i t y o f r e i n f o r c e m e n t p e r r e s p o n s e ( I . E . , r e s p o n s e s p e r r e i n f o r c e ­
ment) i s h i g h . The i n c r e a s e d number o f r e s p o n s e s o c c u r r i n g in s u c c e e d i n g 
i n t e r v a l s r e s u l t s in a r e d u c t i o n in p r o b a b i l i t y o f r e i n f o r c e m e n t p e r r e ­
sponse ( i . e . , more r e s p o n s e s p e r r e i n f o r c e m e n t ) , u l t i m a t e l y l e a d i n g t o a 
r e d u c t i o n in t h e number o f r e s p o n s e s p e r i n t e r v a l , and so on ( Dews , 1 9 7 0 ) . 
I t should be n o t e d t h a t dynamic e f f e c t s may be seen o n l y when c e r t a i n 
v a r i a b l e s , i n t h i s c a s e t h e number o f r e s p o n s e s , a r e f r e e t o v a r y . 
Schedule r e q u i r e m e n t s a l s o impose d i r e c t and i n d i r e c t e f f e c t s . A 
f i x e d - i n t e r v a l s c h e d u l e d i r e c t l y s p e c i f i e s t h e minimum i n t e r r e i n f o r c e r 
t i m e , w h i l e t h e number o f r e s p o n s e s a r e l e f t f r e e t o v a r y . On t h e o t h e r 
hand, a f i x e d - r a t i o s c h e d u l e d i r e c t l y s p e c i f i e s t h e number o f r e s p o n s e s 
which must be c o m p l e t e d , but t h e i n t e r r e i n f o r c e r t i m e may v a r y , depending 
upon t h e r a t e o f e x e c u t i o n o f r e s p o n s e s by t h e o r g a n i s m . However, t h e 
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number o f r e s p o n s e s p e r r e i n f o r c e m e n t in t h e f i x e d - i n t e r v a l s c h e d u l e 
and t h e i n t e r r e i n f o r c e r t i m e in t h e f i x e d - r a t i o s c h e d u l e may have i n d i r e c t 
e f f e c t s upon p e r f o r m a n c e . Z e i l e r (19 76) s u g g e s t s t h a t s i n c e some s c h e d u l e s 
impose d i r e c t l y what o t h e r s c h e d u l e s s imply make p o s s i b l e , s c h e d u l e e f f e c t s 
may be a n a l y z e d in t h e f o l l o w i n g manner: t h e v a r i a b l e s which a r e hypo­
t h e s i z e d t o be a f f e c t i n g b e h a v i o r i n d i r e c t l y under one s c h e d u l e can be 
imposed d i r e c t l y upon a n o t h e r s c h e d u l e , and t h e r e s u l t i n g p e r f o r m a n c e 
compared t o the o r i g i n a l s c h e d u l e p e r f o r m a n c e . F o r e x a m p l e , t o a s s e s s 
t h e r o l e o f v a r i a t i o n in number o f r e s p o n s e s p e r r e i n f o r c e m e n t in d e t e r ­
mining i n t e r v a l p e r f o r m a n c e , H e r r n s t e i n and Morse ( 1 9 5 8 ) added a f i x e d -
r a t i o r e q u i r e m e n t t o a f i x e d - i n t e r v a l s c h e d u l e , I . E . , a c o n j u n c t i v e F I t 
FR n s c h e d u l e . Under the c o n j u c t i v e s c h e d u l e , b o t h r e q u i r e m e n t s must be 
s a t i s f i e d in o r d e r f o r t h e r e i n f o r c e r t o o c c u r . Under a c o n j u n c t i v e F I 
t FR n s c h e d u l e , a t l e a s t n l r e s p o n s e s must be e m i t t e d d u r i n g t h e i n t e r v a l 
in o r d e r f o r t h e f i r s t r e s p o n s e a f t e r t h e i n t e r v a l ( t ) has e l a p s e d t o be 
r e i n f o r c e d . H e r n n s t e i n and Morse found t h a t r e q u i r i n g a s few a s 10 r e ­
sponses ( n = 1 0 ) under an F I 1 5 - m i n u t e s c h e d u l e , a l t e r e d t h e p a t t e r n o f 
r e s p o n d i n g , and d e c r e a s e d o v e r a l l r e s p o n s e r a t e s , even though t h e a v e r a g e 
number o f r e s p o n s e s e m i t t e d p e r i n t e r v a l under c o n t r o l c o n d i t i o n s was about 
3 0 0 . Thus , by d i r e c t l y imposing a r e s p o n s e r e q u i r e m e n t l a r g e r than t h a t 
o f a s imple i n t e r v a l s c h e d u l e , bo th r a t e s o f r e spond ing and t h e c h a r a c ­
t e r i s t i c d i s t r i b u t i o n o f r e s p o n s e s o v e r t i m e , t h e p a t t e r n , was changed. 
This i n d i c a t e s t h a t t h e s i n g l e r e s p o n s e r e q u i r e m e n t under a f i x e d - i n t e r v a l 
s c h e d u l e i s i m p o r t a n t in m a i n t a i n i n g t h e s c h e d u l e - c h a r a c t e r i s t i c r a t e s and 
s t e r e o t y p i c p a t t e r n s o f r e s p o n d i n g . 
A n o t h e r type o f complex s c h e d u l e , a s e c o n d - o r d e r s c h e d u l e , a l s o 
4 
may impose d i r e c t l y a f i x e d number o f r e s p o n s e s t h a t must be e m i t t e d 
b e f o r e a r e i n f o r c e r i s d e l i v e r e d under an i n t e r v a l s c h e d u l e . A s e c o n d -
o r d e r s c h e d u l e which s p e c i f i e s t h a t t h e f i r s t f i x e d - r a t i o o f s i z e n 
comple ted a f t e r an i n t e r v a l ( t ) has e l a p s e d w i l l be r e i n f o r c e d can be 
denoted so F I t (FR n ) . When a r a t i o r e q u i r e m e n t i s added t o an i n t e r v a l 
s c h e d u l e in a s e c o n d - o r d e r s c h e d u l e a r r a n g e m e n t , t h e f i x e d - i n t e r v a l p a t t e r n 
i s m a i n t a i n e d ( B r a d f o r d & M a r r , 1 9 7 6 ; K e l l e h e r , 1966A; S h u l l , Gui lkey and 
W i t t y , 1 9 7 2 ) and t h e o v e r a l l r e s p o n s e r a t e enhanced when compared t o a 
s imple f i x e d - i n t e r v a l ( B r a d f o r d & M a r r , 1 9 7 6 ) . A problem a r i s e d when an 
a t t e m p t i s made t o compare c o n j u n c t i v e and s e c o n d - o r d e r s c h e d u l e s . Behav­
i o r m a i n t a i n e d under any s c h e d u l e of r e i n f o r c e m e n t , i s m u l t i p l y - d e t e r m i n e d 
( F e r s t e r S k i n n e r , 1 9 5 7 ; Morse , 1966A; Z e i l e r , 1 9 7 6 ) . In o r d e r t o u n d e r ­
s t a n d why t h e s e two s c h e d u l e s m a i n t a i n d i f f e r e n t p a t t e r n s and r a t e s o f 
r e s p o n d i n g , e a c h v a r i a b l e t h a t i s h y p o t h e s i z e d t o be c o n t r o l l i n g t h e b e ­
h a v i o r must be s t u d i e d d i r e c t l y . A c a r e f u l e x a m i n a t i o n o f t h e s e two 
s c h e d u l e s r e v e a l s e v e r a l d i s t i n c t i o n s which may a c c o u n t f o r t h e d i f f e r e n c e s 
in p e r f o r m a n c e . F i r s t i s t h e t e m p o r a l r e l a t i o n s h i p between the r e s p o n s e 
r e q u i r e m e n t and t h e r e i n f o r c e r . Under t h e s e c o n d - o r d e r s c h e d u l e , t h e r a t i o 
r e q u i r e m e n t must be comple ted a f t e r the i n t e r v a l has e l a p s e d ; under t h e 
c o n j u n c t i v e s c h e d u l e , t h e r a t i o r e q u i r e m e n t may be met a t any p o i n t d u r i n g 
t h e i n t e r v a l . Second , t h e r e i s t h e r o l e o f c o n s e q u e n t s t i m u l i ( i , e. s t i m u l i 
which a r e r e s p o n s e - p r o d u c e d ) found in t h e s e c o n d - o r d e r s c h e d u l e , but n o t 
t h e c o n j u n c t i v e s c h e d u l e . F i n a l l y , t h e r e i s t h e q u e s t i o n o f t h e n a t u r e 
o f t h e f u n c t i o n a l o p e r a n t in t h e s e c o n d - o r d e r s c h e d u l e , i . e . , what i s t h e 
a p p r o p r i a t e u n i t of a n a l y s i s . In d i r e c t l y s t u d y i n g t h e v a r i a b l e s which 
c o n t r o l b e h a v i o r in complex s c h e d u l e s , we a r e a b l e t o d e t e r m i n e i f t h e 
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p r i n c i p l e s which govern b e h a v i o r under s imple s c h e d u l e s o f r e i n f o r c e m e n t 
e x t e n d t o more complex s c h e d u l e s . 
The f o l l o w i n g e x p e r i m e n t s were des igned t o i n v e s t i g a t e t h e v a r i a b l e s 
which may be c o n t r o l l i n g p e r f o r m a n c e under s e c o n d - o r d e r and c o n j u c t i v e 
s c h e d u l e s o f r e i n f o r c e m e n t . Exper iment I compared t h e e f f e c t s o f a r r a n g i n g 
r e s p o n s e s and r e i n f o r c e m e n t in d i f f e r e n t t e m p o r a l r e l a t i o n s h i p s . E x p e r i m e n t 
I I i n t r o d u c e d consequent s t i m u l i which c o u l d a l t e r re sponding by e i t h e r 
i n c r e a s i n g o r d e c r e a s i n g r a t e s a n d / o r by changing t h e p a t t e r n o f r e s p o n d i n g . 
T h i s e x p e r i m e n t a l s o examined t h e r o l e o f a consequent s t i m u l u s by manip­
u l a t i n g i t s a s s o c i a t i o n wi th food . F i n a l l y , Exper iment I I and Exper iment 
I I I t e s t e d f o r t h e c o h e s i v e p r o p e r t i e s o f u n i t p e r f o r m a n c e under t h e s e c o n d -
o r d e r s c h e d u l e . E x p e r i m e n t I I I d e t e r m i n e d i f adding a d d i t i o n a l u n i t - s c h e d u l e 
r e q u i r e m e n t s t o a s e c o n d - o r d e r s c h e d u l e a l t e r e d p e r f o r m a n c e in t h e same 
manner a s when a d d i t i o n a l s i n g l e r e s p o n s e s a r e r e q u i r e d under a f i x e d -
i n t e r v a l s c h e d u l e o f r e i n f o r c e m e n t . 
The s p e c i f i c g o a l s o f t h e e x p e r i m e n t s w e r e : 
1 . To i n v e s t i g a t e t h e e f f e c t s upon p e r f o r m a n c e o f d i f f e r e n t t e m p o r a l 
r e l a t i o n s h i p s between r e s p o n s e r e q u i r e m e n t s and r e i n f o r c e r s . 
2 . To i n v e s t i g a t e t h e e f f e c t s o f r e s p o n s e - p r o d u c e d b r i e f - s t i m u l u s p r e s e n ­
t a t i o n s upon complex s c h e d u l e p e r f o r m a n c e , and d e t e r m i n e the e x t e n t t o which 
t h e s e e f f e c t s depend upon t h e a s s o c i a t i o n o f t h e s t i m u l u s wi th food . 
3 . To t e s t t h e e x t e n t t o which u n i t - s c h e d u l e p e r f o r m a n c e i s e x e c u t e d as 
a s i n g l e r e s p o n s e . 
4 . To a t t e m p t t o e x t e n d t h e b a s i c p r i n c i p l e s c o n t r o l l i n g r a t e s and p a t t e r n s 
o f r e spond ing under s i m p l e s c h e d u l e s o f r e i n f o r c e m e n t t o more complex 
s c h e d u l e s . 
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CHAPTER I I 
EXPERIMENT I : RESPONSE-REINFORCER TEMPORAL CONTIGUITY 
I n t r o d u c t i o n 
Temporal C o n t i g u i t y and t h e Law of E f f e c t . 
The Law of E f f e c t s t a t e s t h a t when a r e s p o n s e i s f o l l owed by a 
r e i n f o r c e r i t more l i k e l y t o r e o c c u r . Z e i l e r ( 1 9 7 6 ) emphasized t e m p o r a l 
c o n t i g u i t y a s t h e c o n t r o l l i n g v a r i a b l e in t h e r e s p o n s e - r e i n f o r c e r depen­
d e n c y , i . e . - , t h a t t h e r e i n f o r c e r s t r e n g t h e n s and m a i n t a i n s t h e r e s p o n s e 
which i m m e d i a t e l y p r e c e d e s i t . The as sumpt ion o f c l o s e t e m p o r a l c o n t i ­
g u i t y between a r e s p o n s e and a r e i n f o r c e r in t h e Law o f E f f e c t h a s been 
q u e s t i o n e d r e c e n t l y (Baum,19 7 3 ; B l o o m f i e l d , 1 9 7 2 ) based on e m p i r i c a l 
f i n d i n g s t h a t r e s p o n d i n g c a n be m a i n t a i n e d when t h e r e i s on ly a c o r r e l a t i o n 
between a r e s p o n s e and t h e r e i n f o r c e r ( s e e a l s o R e s c o r l a , 1 9 6 7 : R e s c o r l a 
and L o l o r d o , 1 9 6 5 ) . Baum s u g g e s t s t h a t t h e Law of E f f e c t a s p r e s e n t l y 
s t a t e d r e l a t i n g a r e s p o n s e and a r e i n f o r c e r a s d i s c r e t e e v e n t s in t ime i s 
t o o l i m i t i n g and does n o t e x p l a i n c e r t a i n r e s u l t s , and , a s s u c h , should be 
r e p l a c e d w i t h a " C o r r e l a t i o n a l " Law of E f f e c t . He f u r t h e r s u g g e s t s t h a t 
g r e a t e r f l e x i b i l i t y i s a c h i e v e d i f t h e r e l a t i o n s h i p s a r e s t a t e d in more 
m o l a r t e r m s : " B e h a v i o r i n c r e a s e s in f r e q u e n c y i f t h e i n c r e a s e i s c o r ­
r e l a t e d w i t h an i n c r e a s e in r a t e o f r e i n f o r c e m e n t o r d e c r e a s e in r a t e o f 
a v e r s i v e s t i m u l a t i o n " ( 1 9 7 3 , p . 1 4 5 ) . F o r i n s t a n c e , H e r r n s t e i n and Hine-
l i n e ( 1 9 6 6 ) found t h a t a v o i d a n c e r e s p o n d i n g in r a t s can be m a i n t a i n e d i f 
r e spond ing r e d u c e s t h e f r e q u e n c y o f shock . T h e r e was a c o r r e l a t i o n b e -
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tween r e s p o n d i n g and a d e c r e a s e i n t h e number o f s h o c k s , but n o t a one -
t o one r e l a t i o n s h i p . 
R e s p o n s e - r e i n f o r c e r dependency and t e m p o r a l c o n t i g u i t y a r e d i f f i ­
c u l t t o s e p a r a t e s i n c e t h e b e h a v i o r upon which t h e r e i n f o r c e r i s depen­
dent i s u s u a l l y confounded wi th t h e b e h a v i o r t h a t i s t e m p o r a l l y c o n t i g u o u s 
w i th t h e r e i n f o r c e r . Jawkes and Shimp ( 1 9 7 5 ) a t t e m p t e d t o r e i n f o r c e a 
p a t t e r n o f r e s p o n s e s r a t h e r than a s i n g l e keypeck in p i g e o n s . In t h i s 
e x p e r i m e n t t h e keypeck t h a t produced t h e r e i n f o r c e r was but a s m a l l p e r ­
c e n t a g e o f t h e r e q u i r e d b e h a v i o r . Hawkes and Shimp made r e i n f o r c e m e n t 
dependent upon a p a r t i c u l a r t e m p o r a l d i s t r i b u t i o n o f r e s p o n s e s w i t h a 
p r o g r e s s i v e i n c r e a s e or d e c r e a s e in r a t e w i t h i n a 5 - s e c o n d t r i a l and 
found t h a t re sponding was m a i n t a i n e d . F u r t h e r m o r e , t h e p e r f o r m a n c e 
engendered by t h e i n c r e a s i n g - r e s p o n s e - r a t e r e q u i r e m e n t c l o s e l y resembled 
t h e p a t t e r n found under a f i x e d - i n t e r v a l s c h e d u l e . Thus, t h e i r r e s u l t s 
s u p p o r t Baum's c o n t e n t i o n of a more "molar" law of e f f e c t . 
Using p i g e o n s a s s u b j e c t s , C a t a n i a ( 1 9 7 1 ) a n a l y z e d t h e r o l e o f 
r e s p o n s e s which p r e c e d e t h e r e i n f o r c e r - p r o d u c i n g r e s p o n s e . In a n o t h e r 
way, C a t a n i a " t a g g e d " p r e c e d i n g r e s p o n s e s by moving them t o a d i f f e r e n t 
l o c a t i o n ( i . e . , a n o t h e r k e y ) . F o r i n s t a n c e , under a v a r i a b l e - i n t e r v a l 
s c h e d u l e , a r e s p o n s e on key A produced a r e i n f o r c e r a f t e r a v a r i a b l e 
p e r i o d o f t i m e , w i t h t h e added s t i m p u l a t i o n t h a t the r e s p o n s e on key A 
had t o be p r e c e d e d by a r e s p o n s e on a d i f f e r e n t key , key B . S e p a r a t i n g 
t h e r e s p o n s e s in t h i s manner had no c o n s i s t e n t e f f e c t on t h e t o t a l number 
o f r e s p o n s e s e m i t t e d , but i t did a f f e c t t h e way in which re spond ing was 
d i s t r i b u t e d between t h e two k e y s . When a v e r a g e d a c r o s s a l l the s u b j e c t s , 
key B m a i n t a i n e d about a s many - r e s p o n s e s a s did key A. Thus , t h e r e i n -
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f o r c e r a c t e d upon a l l t h e e a r l i e r r e s p o n s e s , n o t s imply t h e one t h a t 
produced i t . As c a t a n i a p o i n t e d out " . . . W h e n we r e i n f o r c e the l a s t 
r e s p o n s e in a sequence o f re sponding we s t r e n g t h e n a l l t h e r e s p o n s e s in 
t h e sequence" ( . 9 7 1 , p . 2 8 6 ) . 
Staddon and F r a n k ( 1 9 7 5 ) in a t e s t o f Baum's h y p o t h e s i s c o n c e r n i n g 
t h e c o r r e l a t i o n a l r e l a t i o n s h i p between a r e i n f o r c e r and a r e s p o n s e , a r r a n g ­
ed t h r e e d i f f e r e n t t y p e s o f r e s p o n s e - r e i n f o r c e r dependenc ie s and t e m p o r a l 
r e l a t i o n s h i p s , and m a n i p u l a t e d the i n t e r r e i n f o r c e r i n t e r v a l v a l u e . P e r ­
formance o f p i g e i o n s under t h r e e s c h e d u l e s were s t u d i e d : ( 1 ) A f i x e d -
t ime s c h e d u l e (FT t ) where in t h e r e i n f o r c e r i s d e l i v e r e d i n d e p e n d e n t l y o f 
r e spond ing a t t h e i n t e r v a l ( t ) ; ( 2 ) A c o n j u n c t i v e FT t FR 1 s c h e d u l e ; and 
( 3 ) A r e c y c l i n g c o n j u n c t i v e FT t FR 1 s c h e d u l e . Under t h e c o n j u n c t i v e 
FT t FR 1 s c h e d u l e , a r e i n f o r c e r was d e l i v e r e d a t the end o f t h e i n t e r v a l 
( t ) i f and on ly i f a t l e a s t one r e s p o n s e had been e m i t t e d dur ing t h e i n t e r ­
v a l . The c o n j u n c t i v e s c h e d u l e was used t o a l t e r n a t e r e s p o n s e - r e i n f o r c e r 
c o n t i g u i t y , but when t h e b i r d paused beyond t h e i n t e r v a l , t h e f i r s t r e s p o n s e 
produced food . In o r d e r t o e l i m i n a t e t h e o c c a s i o n a l r e s p o n s e - r e i n f o r c e r 
c o n t i g u i t y found in t h i s s c h e d u l e , a r e c y c l i n g c o n j u n c t i v e s c h e d u l e was 
u s e d . I f t h e r e s p o n s e had not been e m i t t e d by the t i m e t h e i n t e r v a l c y c l e 
was c o m p l e t e d , t h e i n t e r v a l r e c y c l e d , and t h e r e i n f o r c e r cou ld be d e l i v e r e d 
o n l y a t t h e end o f a subsequent c y c l e . The s c h e d u l e c o n t i n u e d t o r e c y c l e 
u n t i l a r e s p o n s e was e m i t t e d . Staddon and F r a n k p o i n t e d out t h a t of t h e 
two v a r i a b l e s under i n v e s t i g a t i o n , i n t e r r e i n f o r c e r i n t e r v a l had t h e g r e a t -
e f f e c t on both r e s p o n s e r a t e s and p a t t e r n s , w i th t h e type of dependency 
having a l e s s e r e f f e c t . At l o n g e r i n t e r r e i n f o r c e r i n t e r v a l s , r e spond ing 
u s u a l l y assumed a b i t o n i c p a t t e r n , w i t h a pause a f t e r r e i n f o r c e m e n t fo l lowed 
by i n c r e a s e d re spond ing a f t e r which re spond ing d e c r e a s e d u n t i l t h e n e x t 
r e i n f o r c e r d e l i v e r y . The c o n j u n c t i v e s c h e d u l e m a i n t a i n e d h i g h e r r e s p o n s e 
r a t e s than t h e o t h e r two s c h e d u l e s , presumably b e c a u s e o f the o c c a s i o n a l 
c o n t i g u i t y a f f o r d e d by t h a t s c h e d u l e i . e . , i f t h e b i r d paused beyound t h e 
i n t e r v a l , t h e f i r s t r e s p o n s e produced food , r e i n s t a t i n g t h e r e s p o n s e -
r e i n f o r c e r t e m p o r a l c o n t i g u i t y . Staddon and Frank r e a s o n e d t h a t i f t h e 
c o n t r o l l i n g v a r i a b l e were a m o l a r r e l a t i o n s h i p , i . e . , t h a t a r e s p o n s e was 
c o r r e l a t e d w i t h a r e i n f o r c e r , then t h e r e c y l i n g c o n j u n c t i v e s c h e d u l e should 
have been a b l e t o s u s t a i n r e s p o n d i n g . In f a c t , t h e r e c y c l i n g s c h e d u l e was 
r e l a t i v e l y i n e f f e c t i v e w i t h o u t the f a c i l i a t i n g e f f e c t s o f a v e r y s h o r t 
i n t e r r e i n f o r c e r i n t e r v a l ; a t l o n g e r i n t e r v a l s , re sponding was no t main­
t a i n e d and o n l y a s m a l l p e r c e n t a g e o f t h e r e i n f o r c e r s were d e l i v e r e d . 
Thus , t h e e m p i r i c a l f i n d i n g s have n o t c l e a r l y e s t a b l i s h e d t h e 
c o n t r o l l i n g v a r i a b l e s in t h e r e s p o n s e - r e i n f o r c e r dependency. One way to 
a s s e s s the r o l e o f t e m p o r a l c o n t i g u i t y and i t s e f f e c t on p e r f o r m a n c e i s 
to a r r a n g e r e i n f o r c e m e n t s c h e d u l e s t h a t have t h e same r e s p o n s e r e q u i r e m e n t s 
p e r jse_, b u t d i f f e r o n l y in t h e t e m p o r a l r e l a t i o n s h i p o f t h e r e s p o n s e r e q u i r e ­
ment and t h e r e i n f o r c e r . F o r e x a m p l e , S h u l l ( 1 9 7 0 ) compared a f i x e d -
i n t e r v a l s c h e d u l e ( F I t ) w i t h a c o n j u n c t i v e FT t FR 1 s c h e d u l e . The two 
s c h e d u l e s were i d e n t i c a l in t h e i r r e s p o n s e r e q u i r e m e n t s , i . e . , one r e s p o n s e 
was n e c e s s a r y i n o r d e r f o r t h e r e i n f o r c e r t o o c c u r . However, t h e f i x e d -
i n t e r v a l s c h e d u l e a s s u r e d a c l o s e t e m p o r a l r e l a t i o n s h i p between t h e r e s p o n s e 
r e q u i r e m e n t and t h e r e i n f o r c e r , s i n c e t h e f i r s t r e s p o n s e e m i t t e d a f t e r t h e 
i n t e r v a l had e l a p s e d was r e i n f o r c e d . Under t h e c o n j u n c t i v e s c h e d u l e , FT t 
FR 1 , t h e r e i n f o r c e r was d e l i v e r e d a t t h e end o f t h e i n t e r v a l ( t ) i f and 
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o n l y i f a r e s p o n s e had been e m i t t e d a t any p o i n t during the i n t e r v a l . 
Shu l l found t h a t r e g a r d l e s s of t h e r e s p o n s e - r e i n f o r c e r t e m p o r a l r e l a t i o n ­
s h i p , t h e t ime taken t o beg in responding seemed t o be c o n t r o l l e d by t h e 
p e r i o d i c i t y of t h e r e i n f o r c e r . On the o t h e r hand, r e s p o n s e r a t e was a f ­
f e c t e d by how t h e r e i n f o r c e r was a r r a n g e d . Under t h e c o n j u n c t i v e s c h e d u l e , 
r e s p o n s e r a t e s were r e d a c e d , e s p e c i a l l y r a t e s a t the end o f t h e i n t e r v a l . 
Thus , t h e t e m p o r a l r e l a t i o n s h i p o f t h e r e s p o n s e t o t h e r e i n f o r c e r a f f e c t e d 
one a s p e c t of t h e s c h e d u l e , r a t e , but n o t t h e pause component o f t h e s t e r ­
e o t y p i c p a t t e r n . 
Temporal R e l a t i o n s h i p s o f Response Requirements and R e i n f o r c e r s 
H e r r n s t e i n and Morse ( 1 9 5 8 ) and B a r r e t t ( 1 9 7 5 ) found t h a t adding 
a r a t i o r e q u i r e m e n t t o an i n t e r v a l s c h e d u l e .to form a c o n j u n c t i v e s c h e d u l e 
( i . e . ,CON J . F I t FR n , where n i s g r e a t e r than o n e ) , produced c o n s i s t e n t 
e f f e c t s upon p e r f o r m a n c e . Compared t o an i n t e r v a l s c h e d u l e o f t h e same 
p a r a m e t e r v a l u e , t h e c o n j u n c t i v e s c h e d u l e engendered l ower o v e r a l l r e s p o n s e 
r a t e s , e s p e c i a l l y in t h e t e r m i n a l segments o f t h e i n t e r v a l . Al though a 
wide r a n g e o f p a r a m e t e r v a l u e s f o r both the i n t e r v a l and r a t i o was s t u d i e d , 
t h e p a t t e r n o f re spond ing from both t h e s e e x p e r i m e n t s was c o n s i s t e n t . The 
p e r f o r m a n c e engendered by t h e c o n j u n c t i v e s h c e d u l e c o n s i s t e d o f a pause 
a f t e r r e i n f o r c e m e n t fo l lowed by a h igh r a t e o f r e s p o n d i n g , a p p r o x i m a t i n g 
t h e s i z e o f t h e r a t i o r e q u i r e m e n t , and than a d e c r e a s e in t h e r e s p o n s e 
r a t e u n t i l t h e n e x t r e i n f o r c e r p r e s e n t a t i o n . Thus, t h e t e m p o r a l d i s t r i -
b t u i o n o f r e s p o n s e s was b i t o n i c . 
A n o t h e r type o f complex s c h e d u l e , t h e s e c o n d - o r d e r s c h e d u l e , can 
a l s o r e q u i r e more than one r e s p o n s e t o be e m i t t e d under an i n t e r v a l s c h e -
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d u l e , b u t , w h i l e t end ing t o i n c r e a s e r e s p o n s e r a t e , does n o t a l t e r a f i x e d -
i n t e r v a l p a t t e r n . Under a s e c o n d - o r d e r s c h e d u l e . The b e h a v i o r engendered 
by one s c h e d u l e , d e s i g n a t e d t h e u n i t s c h e d u l e , i s t r e a t e d a s a u n i t a r y 
r e s p o n s e which i s , in t u r n , r e i n f o r c e d under a second s c h e d u l e ( t h e s e c o n d -
o r d e r s c h e d u l e , SO) . F o r i n s t a n c e , a s e c o n d - o r d e r s c h e d u l e which a s t h e 
same r e s p o n s e r e q u i r e m e n t a s t h e c o n j u n c t i v e s c h e d u l e F I t FR n t r e a t s t h e 
b e h a v i o r produced by a f i x e d - r a t i o r e q u i r e m e n t a s a u n i t a r y r e s p o n s e t h a t 
i s then r e i n f o r c e d under a f i x e d - i n t e r v a l s c h e d u l e . Thus, t h e f i r s t f i x e d 
r a t i o of s i z e N_ e x e c u t e d a f t e r t h e f i x e d i n t e r v a l h a s e l a p s e d i s r e i n f o r c e d 
w i t h food . T h i s s c h e d u l e i s d e s i g n a t e d SO F I t ( F R n ) , A s e c o n d - o r d e r 
s c h e d u l e F I t ( F R n) and a c o n j F I t FR n have t h e same r e s p o n s e r e q u i r e m e n t 
(more t h a n one r e s p o n s e i s r e q u i r e d , ) but a c l o s e t empora l r e l a t i o n s h i p 
between t h e f i x e d - r a t i o p e r f o r m a n c e and t h e r e i n f o r c e r i s e x p l i c i t l y a r ­
r a n g e d under t h e s e c o n d - o r d e r s c h e d u l e w h i l e t h i s i s f r e e t o v a r y under 
t h e c o n j u n c t i v e s c h e d u l e . The r a t i o p e r f o r m a n c e and t h e r e i n f o r c e r come 
in c l o s e c o n t a c t under t h e c o n j u n c t i v e s c h e d u l e only when t h e organ i sm 
pauses t h r o u g h o u t the i n t e r v a l . 
In summary, a c o n j u n c t i v e F I t FR n s c h e d u l e e n g e n d e r s a b i t o n i c 
p a t t e r n : t h e r e i s a pause a f t e r r e i n f o r c e m e n t , an i n c r e a s e d r a t e of r e ­
sponding , and then a d e c r e a s e in r e s p o n s e r a t e u n t i l t h e n e x t r e i n f o r c e r 
p r e s e n t a t i o n ( B a r r e t t , 1 9 7 5 ) . The o v e r a l l r a t e s o f re spond ing a r e d e ­
c r e a s e d when compared to a f i x e d - i n t e r v a l o f t h e same p a r a m e t e r v a l u e 
( B a r r e t t , 1 9 7 5 ; H e r r n s t e i n & Morse , 1 9 5 8 ) . C o n t r a r y t o t h e s e f i n d i n g s , 
when a f i x e d - r a t i o r e s p o n s e r e q u i r e m e n t i s added t o an i n t e r v a l s c h e d u l e 
under a s e c o n d - o r d e r s c h e d u l e , SO F I t ( F R n ) , t h e m o n o t o n i c a l l y i n c r e a s i n g 
r e s p o n s e r a t e d u r i n g t h e i n t e r v a l i s n o t d i s r u p t e d ( K e l l e h e r , 1966A; S h u l l 
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e t a l . t 1 9 7 2 ) . F u r t h e r m o r e , o v e r a l l r e s p o n s e r a t e s may even i n c r e a s e 
when compared t o a f i x e d - i n t e r v a l s c h e d u l e ( B r a d f o r d & M a r r , 1 9 7 6 ) . 
One a s p e c t o f t h e s e c o n d - o r d e r s c h e d u l e t h a t may be c o n t r o l l i n g 
t h e d i f f e r e n c e s in p a t t e r n s and r e s p o n s e r a t e s between c o n j u n c t i v e and 
s e c o n d - o r d e r s c h e d u l e s may be t h e t e m p o r a l c o n t i g u i t y o f t h e r e s p o n s e 
r e q u i r e m e n t and t h e r e i n f o r c e r . Under t h e s e c o n d - o r d e r s c h e d u l e , t h e 
f i x e d - r a t i o r e q u i r e m e n t must be completed a f t e r t h e i n t e r v a l h a s e l a p s e d 
thus a s s u r i n g t h a t the r a t i o w i l l be e m i t t e d i n c l o s e t empora l p r o x i m i t y 
t o t h e r e i n f o r c e r . Under t h e c o n j u n c t i v e s c h e d u l e , t h e r a t i o r e q u i r e m e n t 
may be comple ted a t any p o i n t dur ing t h e i n t e r v a l . The on ly t ime when t h e 
r a t i o p e r f o r m a n c e and t h e r e i n f o r c e r come in c l o s e t e m p o r a l c o n t a c t i s 
when t h e o r g a n i s m pauses t h e e n t i r e l e n g t h o f t h e i n t e r v a l , so t h a t t h e 
r a t i o r e q u i r e m e n t must be s a t i s f i e d a f t e r t h e i n t e r v a l has e l a p s e d . 
G o a l s . 
The f i r s t e x p e r i m e n t compared s e c o n d - o r d e r and c o n j u n c t i v e s c h e d u l e s 
o f r e i n f o r c e m e n t in which t h e r e s p o n s e r e q u i r e m e n t s p e r s e were i n d e n t i c a l 
( i . e . t h e same r a t i o r e q u i r e m e n t ) but the t e m p o r a l r e l a t i o n s h i p o f t h e 
r e q u i r e d r e s p o n s e s and t h e r e i n f o r c e r was d i f f e r e n t . Under t h e s e c o n d - o r d e r 
s c h e d u l e F I t ( F R n) t h e f i r s t r a t i o r e q u i r e m e n t comple ted a f t e r t h e i n t e r v a l 
had e l a p s e d was r e i n f o r c e d , a s s u r i n g a c l o s e t empora l r e l a t i o n s h i p to t h e 
r e i n f o r c e r . Under t h e c o n j u n c t i v e F I t FR n s c h e d u l e , t h e r a t i o r e q u i r e ­
ment cou ld be s a t i s f i e d a t any p o i n t dur ing o r a f t e r t h e i n t e r v a l . 
The f o l l o w i n g h y p o t h e s i s was examined: 
HI: The r a t e s and p a t t e r n s o f re spond ing engendered under a c o n j u n c t i v e 
F I t FR n s c h e d u l e w i l l n o t d i f f e r from t h e same p e r f o r m a n c e measures 
under a s e c o n d - o r d e r F I t ( F R n) s c h e d u l e as a r e s u l t o f d i f f e r e n t 
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r e s p o n s e - r e i n f o r c e r t e m p o r a l r e l a t i o n s h i p s . 
Method 
S u b j e c t s 
The s u b j e c t s f o r e x p e r i m e n t I were t h r e e e x p e r i m e n t a l l y n a i v e 
w h i t e c a r n e a u x p i g e o n s o b t a i n e d from t h e p a l m e t t o p igeon p l a n t , Sumter , 
S . C. and m a i n t a i n e d a t 80% of t h e i r f r e e f e e d i n g w e i g h t . 
A p p a r a t u s . 
The e x p e r i m e n t a l chamber f o r e x p e r i m e n t I was a G r a y s o n - S t a d l e r 
3 - k e y u n i t ( F e r s t e r & S k i n n e r , 1 9 5 7 ) in which the two s i d e keys were 
c o v e r e d . The c e n t e r r e s p o n s e key , 2 . 0 cm i n d i a m e t e r , c o u l d be o p e r a t e d 
w i t h a minimum f o r c e o f 0 . 1 8 N and could be t r a n s i l l u m i n a t e d from the 
r e a r by e i t h e r a r e d , b l u e o r amber #1829 28VDC almp. The food magaz ine 
a p e r t u r e was 5 , 1 cm x 4 , 4 cm l o c a t e d 1 3 . 5 below t h e c e n t e r key and was 
i l l u m i n a t e d by a w h i t e GE10C7D 120VAC lamp dur ing t h e f e e d e r c y c l e . In 
a d d i t i o n , a w h i t e GE 10C7D 120VAC l i g h t was mounted behind a t r a n s l u c e n t 
s c r e e n on t h e key p a n e l and p r o v i d e d g e n e r a l i l l u m i n a t i o n dur ing t h e c y c l e . 
White n o i s e in the e x p e r i m e n t a l chamber masked e x t r a n e o u s n o i s e s . S t a n d a r d 
r e l a y programming equipment in a s e p e r a t e room o p e r a t e d a l l c l o c k s , c o u n t e r s , 
t i m e r s and a p r i n t - o u t c o u n t e r . A c u m u l a t i v e r e c o r d e r p r o v i d e d a permanent 
g r a p h i c a l r e c o r d o f t h e r a t e s and p a t t e r n s o f r e s p o n d i n g . 
P r o c e d u r e . 
The b i r d s were f i r s t t r a i n e d t o e a t from t h e food hopper and then 
t r a i n e d t o p e c k t h e t r a n s - i l l u m i n a t e d k e y . Each peck produced 3 - s e c o n d s 
a c c e s s t o mixed g r a i n . The s c h e d u l e was then changed t o a f i x e d - i n t e r v a l 
whose l e n g t h was g r a d u a l l y i n c r e a s e d u n t i l re sponding was m a i n t a i n e d under 
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a F I 2 0 - m i n u t e s c h e d u l e w i t h 1 0 - s e c o n d s a c c e s s t o g r a i n . Und e r t h e s e c o n d -
o r d e r s c h e d u l e , t h e f i r s t f i x e d - r a t i o o f s i z e n completed a f t e r 20 minute s 
had e l a p s e d was r e i n f o r c e d w i t h food: SO F I 20-min (FR n ) . Under t h e c o n ­
j u n c t i v e s c h e d u l e , t h e f i r s t r e s p o n s e made a f t e r 20 m i n u t e s had e l a p s e d 
was r e i n f o r c e d o n l y i f n - 1 r e s p o n s e s had been e m i t t e d dur ing t h e i n t e r v a l : 
c o n j F I 20 -min FR n . The s i z e o f t h e f i x e d - r a t i o r e q u i r e m e n t was i n c r e a s e d 
o v e r c o n d i t i o n s from 1 (A f i x e d - i n t e r v a l ) , t o 3 0 , t o 1 0 0 , t o 3 0 0 r e s p o n s e s . 
T a b l e I p r e s e n t s t h e o r d e r o f s c h e d u l e a r r a n g e m e n t s and the number o f s e s ­
s i o n s f o r e a c h c o n d i t i o n in e x p e r i m e n t I. 
The c o n j u n c t i v e and s e c o n d - o r d e r s c h e d u l e s were p r e s e n t e d as two 
components o f a m u l t i p l e s c h e d u l e , e a c h component was a s s o c i a t e d wi th a 
d i f f e r e n t d i s c r i m i n a t i v e s t i m u l u s , t h e c o n j u n c t i v e s c h e d u l e w i t h a blue 
k e y l i g h t and t h e s e c o n d - o r d e r s c h e d u l e w i t h a r e d k e y l i g h t . Food was 
p r e s e n t e d a t t h e c o m p l e t i o n o f e a c h s c h e d u l e r e q u i r e m e n t and t e r m i n a t e d 
t h e component . The components a l t e r n a t e d r e g u l a r l y 10 t imes dur ing an 
e x p e r i m e n t a l s e s s i o n ; between e a c h i n t e r v a l t h e r e was a 4 - m i n u t e t i m e 
out (TO) d u r i n g which the e x p e r i m e n t a l chamber was darkened and t h e key 
e l e c t r i c a l l y i n o p e r a t i v e . The purpose of t h i s p r o c e d u r e was t o r e d u c e p o s ­
s i b l e i n t e r a c t i o n s between t h e two component p e r f o r m a n c e s as i n d i c a t e d in 
p r e v i o u s e x p e r i m e n t s (S taddon & I n n i s , 1 9 6 9 ; Z e i l e r , 1 9 7 2 ) . 
P e r f o r m a n c e m e a s u r e s i n c l u d e d o v e r a l l r e s p o n s e r a t e s , q u a r t e r - l i f e 
v a l u e s , and a measure o f f i x e d - r a t i o p a t t e r n i n g . Q u a r t e r l i f e i s t h e t ime 
( e x p r e s s e d a s p e r c e n t o f t h e i n t e r v a l v a l u e ) taken t o emi t o n e - f o u r t h o f 
t h e t o t a l number of r e s p o n s e s f o r any i n t e r v a l , and i s g e n e r a l l y a s t a b l e 
index o f f i x e d - i n t e r v a l p a t t e r n i n g ( H e r r n s t e i n & Morse , 1 9 5 7 ) . Response 
m e a s u r e s a l s o i n c l u d e d t h e t ime u n t i l t h e f i r s t r e s p o n s e ( p a u s e t ime d e r i v e d 
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T-ble I 
Q<.-hedule Conditions and Sessions 
Schedule Number of Sessions 
Experiment I 
MULT FI 20-min FI 20-rr*.n 5 5 
MULT CONJ FI 20-min FR 3 0 s SO FI 20-nin(FR 3 0 ) 40 
MULT CONJ FI 20-min FR 100, SO FI 20-min(FR 1 0 0 ) h0 
MULT CONJ FI 20-min FR 3 0 0 , SO FI 20-min(FR 3 0 0 ) 3 0 
Experiment II Procedure i 
MULT FI 20-min, FI 20-min ^0 
MULT CONJ FI 20-min F R 3 0 : S n p , SO FI 20~min ( F R 3 0sS n p) 3 0 
MULT CONJ FI 20-min FRl0O:S n p rSO FI 2 0 - m i n ( F R l 0 0 t S n p ) 3 0 
MULT CONJ FI 20-min F R 3 0 0:S n p,SO FI 20-min ( F R 3 0 0:S n p) 2 5 
Procedure 2 
MULT CONJ FI 20-min FR 3 0 : S P , SO FI 20-min(FR30'*SP) 3 0 
MULT CONJ FI 20-min ?Rl00:S P t SO FT. 20-min(FRl 00 :S P) 2 5 
MULT CONJ FI 20-wiin F F 3 0 0 s S p , SO PI 2 0-min ( P R 3 0 0 :S P) 2 5 
1 6 
Table I (Continued) 
Schedule 
Experiment I I I Procedure 1 
F I 20-min 
SO FI 20 -min(FR 30 sS P) 
CONJ s o FI 20 -min(FR 30 . s ^ ) ?R 3 
CONJ SO FI 20 -min(FR 30 iSP) FR 6 
CONJ SO FI 20 -min(FR 30 :S P) FR 1 0 
CONJ s o FI 20 -min(FR 30 :S P) FR 1 ? 
CONJ s o FI 20 -min(FR 30 :S P) FR 30 
Procedure 2 
SO FI 20-min(FR 1 0 0:S P) 
CONJ
 p v 
>S0 FI 20-min(FR 1 0 0 . S ^ ; FR 2 
CONJ-SO FI 20-min (FR 1 0 0.S P) FR 3 
CONJ SO FI 20-min (FR 1 0 0:S P) FR 6 













from c u m u l a t i v e r e c o r d s ) and the t ime between r e i n f o r c e r p r e s e n t a t i o n s 
( i n t e r e i n f o r c e r t i m e ) . F i x e d - r a t i o p a t t e r i n g was a s s e s s e d by c u m u l a t i v e 
r e c o r d s . C o n d i t i o n s were in e f f e c t u n t i l r e sponding had s t a b i l i z e d , a s 
judged from t h e c u m u l a t i v e r e c o r d s . Q u a r t e r - l i f e v a l u e s were judged t o 
be s t a b l e when t h e v a l u e s from t h e l a s t f i v e s e s s i o n s did n o t d e v i a t e -
one s t a n d a r d e r r o r o f t h e mean o f t h a t c o n d i t i o n . 
In t h i s and t h e f o l l o w i n g e x p e r i m e n t s , means and s t a n d a r d e r r o r s 
f o r q u a r t e r - l i f e v a l u e s , o v e r a l l r a t e s , and i n t e r e i n f o r c e r t imes a r e based 
on t h e l a s t 7 t o 1 0 s e s s i o n s of e a c h c o n d i t i o n . Data d e r i v e d from t h e 
c u m u l a t i v e r e c o r d s ( p a u s e t ime) were o b t a i n e d from t h e l a s t t h r e e s e s s i o n s 
o f an e x p e r i m e n t a l c o n d i t i o n . 
R e s u l t s 
During a l l t h r e e e x p e r i m e n t s , v a r i a b i l i t y measures used were one 
s t a n d a r d e r r o r o f t h e mean. D i f f e r e n c e s were d e f i n e d t o b e n o n - c h a n c e 
d i f f e r e n c e s i f t h e m e a s u r e s were beyond - one s t a n d a r d e r r o r o f t h e mean. 
The l e f t p a n e l s o f F i g u r e s 1 , 2 and 3 show t h a t adding a r a t i o 
r e q u i r e m e n t ( F R 3 0 , FRlOO, and FR300) to a f i x e d - i n t e r v a l s c h e d u l e i n c r e a s e d 
o v e r a l l r a t e s o f r e s p o n d i n g . T h i s i n c r e a s e in r a t e was the o n l y s i g n i f i c a n t 
e f f e c t o b s e r v e d d u r i n g t h e e x p e r i m e n t . The t r e n d s in mean o v e r a l l r e s p o n s e 
r a t e s w i l l be d e s c r i b e d s u b s e q u e n t l y . C i r c l e s i n d i c a t e t h e b lue ( F I 2 0 -
min o r c o n j u n c t i v e s c h e d u l e ) component; t r i a n g l e s show the red ( F I 2 0 -
min o r s e c o n d - o r d e r s c h e d u l e ) component. The b a r s i n d i c a t e one s t a n d a r d 
e r r o r o f t h e mean. F o r one b i r d , P 8 , whose o v e r a l l r a t e in t h e r e d ( F I 
2 0 - m i n ) component was h i g h e r than t h e b l u e ( F I 2 0 - m i n ) component, o v e r a l l 
mean r a t e s remained the same when t h e FR30 r e q u i r e m e n t was added a s a u n i t 
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EXPERIMENT I EXPERIMENT II 
Figure 1. Mean Overall Rates For P73 As A Function Of The 
Fixed-Ratio Size. Left Panel Represents Experiment I, The 
No-Stimulus Condition; Middle Panel Is Experiment II, Pro­
cedure 1 ( S n p ) ; Right Panel Is Experiment II, Procedure 2 
(S p). Circles Are The Conjunctive Schedule; Triangles Are 
The Second-Order Schedule. Lines Are One Standand Error 
Of the Mean. 
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EXPERIMENT 1 EXPERIMENT II 
Figure 2. Mean Overall Rates For P8. See Figure 1 For 
Details. 
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EXPERIMENT I EXPERIMENT II 
Figure 3. Mean Overall Rates For P9 ^ „• 
Details. S e e F l 8 u r e 1 For 
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s c h e d u l e under t h e s e c o n d - o r d e r f i x e d - i n t e r v a l s c h e d u l e . When t h e r a t i o 
r e q u i r e m e n t was i n c r e a s e d t o F R 1 0 0 , P73 and P 8 , both m o d e r a t e - r a t e b i r d s , 
a g a i n i n c r e a s e d t h e i r o v e r a l l r e s p o n s e r a t e s , bu t a b s o l u t e changes in 
r a t e f o r P73 were s m a l l . On t h e o t h e r hand, f o r P 9 , a h i g h - r a t e b i r d , 
o v e r a l l r a t e s d e c r e a s e d . When t h e r a t i o r e q u i r e m e n t was i n c r e a s e d t o FR 
3 0 0 , P 8 f s o v e r a l l r a t e d e c r e a s e d i n both t h e c o n j u n c t i v e and t h e s e c o n d -
o r d e r s c h e d u l e s , w h i l e P 7 3 f s r a t e s d e c r e a s e d in t h e c o n j u n c t i v e s c h e d u l e , 
a g a i n i n c r e a s i n g in t h e s e c o n d - o r d e r s c h e d u l e component. P 9 * s r a t e s 
i n c r e a s e d a f t e r a d e c r e a s e in r a t e under t h e FR 1 0 0 c o n d i t i o n . Al though 
in the p r e s e n t and f o l l o w i n g e x p e r i m e n t ( I I ) t h e r e were few s i g n i f i c a n t 
d i f f e r e n c e s i n r a t e s between t h e c o n j u n c t i v e and t h e s e c o n d - o r d e r s c h e d u l e . 
When t h e y d id o c c u r , i t was a t the h i g h e s t v a l u e o f t h e r a t i o r e q u i r e m e n t . 
The l e f t p a n e l s o f F i g u r e s 4 , 5 and 6 show the mean q u a r t e r - l i f e 
v a l u e s f o r a l l c o n d i t i o n s f o r t h e n o - s t i m u l u s p r o c e d u r e i . e . , no b r i e f 
s t i m u l i were p r e s e n t e d , ( E x p e r i m e n t I ) f o r P 7 3 , P8 and P9 r e s p e c t i v e l y . 
In g e n e r a l , t h e q u a r t e r - l i f e v a l u e s f o r t h e c o n j u n c t i v e s c h e d u l e were l e s s 
than t h a t o f t h e s e c o n d - o r d e r s c h e d u l e component . Any a p p a r e n t d i f f e r e n c e s 
were in t h a t d i r e c t i o n . The l e g e n d s a r e t h e same a s t h e p r e v i o u s f i g u r e s . 
B a r s i n d i c a t e one s t a n d a r d e r r o r o f t h e mean. 
As t h e r a t i o v a l u e i n c r e a s e d , so did t h e v a r i a b i l i t y o f such measures 
a s the q u a r t e r - l i f e v a l u e and t h e o v e r a l l r a t e . I n s p e c t i o n o f c u m u l a t i v e 
r e c o r d s d e m o n s t r a t e t h e r e a s o n f o r t h e i n c r e a s e d v a r i a b i l i t y . F i g u r e 7 
shows c u m u l a t i v e r e c o r d s f o r P73 s e l e c t e d from t h e l a s t t h r e e days o f each 
c o n d i t i o n in E x p e r i m e n t I . S i n c e t h e F l 20 -min s c h e d u l e o f food r e i n f o r c e ­
ment was a lways in e f f e c t under b o t h components o f t h e m u l t i p l e s c h e d u l e , 
o n l y t h e r a t i o r e q u i r e m e n t and t h e b r i e f s t i m u l u s d e s i g n a t i o n (when a p p r o -
2 2 
EXPERIMENT I EXPERIMENT II 
Figure 4. Mean Quarter-Life Values For P73 As A Function 
Of The Fixed-Ratio Size. Left Panel Represents Experiment 
I, The No-Stimulus Condition; Middle Panel Is Experiment II 
Procedure 1 ( S n p ) ; Right Panel Is Experiment II, Procedure 
2 (S p). Circles Are The Conjunctive Schedule; Triangles 
Are the Second-Order Schedule. Lines Are One Standard 
Error Of The Mean. 
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Figure 5. Mean Quarter-Life Values For P8. See Figure 4 
For Details. 
2 4 
Figure 6. Mean Quarter-Life Values For P9. See Figure 4 
For Details. 
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FI 20-MIN, FR 30 
FI 2 0 - M I N , F R I 0 0 
FI 20-MIN, FR 300 
20 MIN 
F i g u r e 7 . C u m u l a t i v e R e c o r d s F o r P 7 3 , E x p e r i m e n t I . Top 
Row: MULT F I 2 0 - M i n , F I 2 0 - M i n ; T h e n FR 3 0 , FR 1 0 0 a n d FR 
3 0 0 C o n d i t i o n s . S e e T e x t f o r D e t a i l s . 
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p r i a t e ) w i l l be r e f e r r e d t o h e r e a f t e r . The top pane l shows t h e o r i g i n a l 
b a s e l i n e c o n d i t i o n : Mult F I 20 -min F i 2 0 - m i n ; t h e second p a n e l shows FR 
3 0 , t h e t h i r d p a n e l shows FR 1 0 0 , and f i n a l l y , t h e f o u r t h p a n e l i s from t h e 
FR 300 c o n d i t i o n . The downward d i s p l a c e m e n t o f t h e e v e n t pen i n d i c a t e s 
t h e r e d k e y l i g h t c o n d i t i o n ( f i x e d - i n t e r v a l o r s e c o n d - o r d e r s c h e d u l e ) ; 
t h e e v e n t pen in t h e up p o s i t i o n i n d i c a t e s t h e b l u e k e y l i g h t c o n d i t i o n 
( f i x e d - i n t e r v a l o r c o n j u n c t i v e s c h e d u l e ) . Beg inning w i t h t h e FR100 c o n -
c i t i o n , t h e e v e n t pen d e f l e c t e d upward o r downward when t h e 20-min i n t e r ­
v a l had e l a p s e d . These r e c o r d s show t h a t adding a f i x e d - r a t i o r e q u i r e m e n t 
e i t h e r a s a u n i t s c h e d u l e o r in a c o n j u n c t i v e arrangement i n c r e a s e d o v e r ­
a l l r a t e s o f r e s p o n d i n g . These i n c r e s a e s in r a t e s p a r a l l e l e d t h e i n c r e a s e 
in r e s p o n s e r e q u i r e m e n t e x c e p t f o r t h e h i g h e s t v a l u e (FR 3 0 0 ) under t h e 
c o n j u n c t i v e s c h e d u l e . At t h e s e v a l u e s , P73 would o f t e n pause u n t i l t h e 
i n t e r v a l had e l a p s e d b e f o r e e m i t t i n g the r e q u i r e d r e s p o n s e , a s a t J J . 
Both t h e c o n j u n c t i v e and s e c o n d - o r d e r s c h e d u l e p e r f o r m a n c e were a l s o 
c h a r a c t e r i z e d by a b u r s t o f r e s p o n d i n g f o l l o w i n g t h e p a u s e , a s a t ja, a / , 
and a_* 1 , then a n o t h e r p a u s e , f o l l owed by s u s t a i n e d re spond ing u n t i l t h e 
n e x t r e i n f o r c e r d e l i v e r y . As the s i z e o f t h e r a t i o r e q u i r e m e n t i n c r e a s e d , 
so did t h e p r e v e l a n c e o f t h e paus ing f o r long p e r i o d s o f t i m e , thus a c ­
c o u n t i n g f o r t h e i n c r e a s e d v a r i a b i l i t y in t h e q u a r t e r - l i f e v a l u e s and 
o v e r a l l r a t e s o f r e s p o n d i n g . There was one a s p e c t o f t h e p e r f o r m a n c e o f 
a l l t h r e e b i r d s , e s p e c i a l l y P73 and P 8 , which d i s t i n g u i s h e d the p e r f o r ­
mance under t h e two s c h e d u l e s . Once responding had begun, whether o r n o t 
t h e r e was a second pause dur ing t h e i n t e r v a l , re sponding under t h e c o n j u n c ­
t i v e s c h e d u l e o f t e n showed a n e g a t i v e a c c e l e r a t i o n dur ing t h e middle and 
t e r m i n a l segments o f t h e i n t e r v a l , such a s a t jc and c_'. C o n t r a s t e d w i t h 
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t h i s was the p o s i t i v e l y i n c r e a s e d re spond ing dur ing t h e s e same segments 
under t h e s e c o n d - o r d e r s c h e d u l e , as a t b_ and b_f
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The p a t t e r n o f re sponding f o r P9 was a l t e r e d in a s l i g h t l y d i f f e r ­
e n t manner once t h e r a t i o r e q u i r e m e n t had been added t o t h e f i x e d - i n t e r ­
v a l s c h e d u l e , a s shown in F i g u r e 8 . The top p o r t i o n i s t aken from t h e 
c u m u l a t i v e r e c o r d s o f t h e o r i g i n a l b a s e l i n e (Mult F I 2 0 - m i n , F I 2 0 - m i n ) 
c o n d i t i o n . The second p o r t i o n i s from t h e FR 30 c o n d i t i o n , and t h e t h i r d 
row i s from the FR 300 c o n d i t i o n . In t h e second and t h i r d r e c o r d s , n o t e 
t h e c o n s i s t a n t a b r u p t change in r e s p o n s e r a t e s f o l l o w i n g t h e pause a f t e r 
r e i n f o r c e m e n t t o a v e r y high r a t e o f r e s p o n d i n g , fo l l owed by a l o w e r , but 
i n c r e a s i n g r a t e u n t i l t h e E i n f o r c e r d e l i v e r y e . g . a t a_t _a? and j i f 1 , T h i s 
p a t t e r n was seen f o r b o t h t h e s e c o n d - o r d e r and t h e c o n j u n c t i v e s c h e d u l e 
components t h r o u g h o u t e x p e r i m e n t s I and I I . Note a l s o t h e i n s t a n c e s o f 
a b u r s t o f re spond ing which a p p r o x i m a t e d t h e s i z e o f t h e f i x e d - r a t i o r e ­
q u i r e m e n t , fo l lowed by a second pause b e f o r e responding was a g a i n i n i t i a t e d 
under both t h e c o n j u n c t i v e s c h e d u l e , e . g . b , and b f , which a l s o o c c u r e d 
in t h e s e c o n d - o r d e r s c h e d u l e . 
F i g u r e s 9 , 1 0 , and 11 p r e s e n t t h e mean pause t ime p e r r e i n f o r c e r 
f o r e a c h b i r d , i . e . , t h e t ime u n t i l t h e f i r s t r e s p o n s e , f o r P 7 0 , P8 and 
P 9 , r e s p e c t i v e l y . The s t i p p l e d b a r s i n d i c a t e two d e t e r m i n a t i o n s of t h e 
Mult F I 20-min F I 20-min s c h e d u l e , I i s t h e f i r s t c o n d i t i o n , E x p e r i m e n t 
I ( I I i s t h e f i r s t c o n d i t i o n in E x p e r i m e n t I I ) . The w h i t e b a r s a r e t h e 
mean pause t ime f o r e a c h b i r d under t h e t h r e e p a r a m e t e r v a l u e s o f t h e r a t i o . 
L i n e s i n d i c a t e one s t a n d a r d e r r o r o f t h e mean. The top f i g u r e s a r e v a l u e s 
from t h e s e c o n d - o r d e r s c h e d u l e , t h e b o t t o m f i g u r e r e p r e s e n t s v a l u e s from 
t h e c o n j u n c t i v e s c h e d u l e . A l l t h r e e b i r d s 1 a v e r a g e pause t ime i n c r e a s e d 
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2 0 MIN 
Figure 8. Cumulative Records For P9 From Experiment I. 
The Top Row Was Chosen From the MULT FI 20-Min,FI 20-Min 
Condition; Second Row From The FR 30 Condition; Third 
Row From the FR 300 Condition. 
Figure 9. Mean Pause Time Per Reinforcer For P73. Stip­
pled Bars Are the MULT FI 20-Min,FI 20-Min Condition; White 
Bars Are The No-Stimulus (Experiment I) Condition; Single-
Hatched Bars Are The S n p Condition; Double-Hatched Bars Are 
The S p Condition. The Top Figure Is The Second-Order 
Schedule; Bottom Figure Is The Conjunctive Schedule. Lines 
Are One Standard Error Of The Mean. 
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Figure 10. Mean Pause Time Per Reinforcer For P8 See 
Figure 9 For Details. 
3 1 
Figure 1 1 . Mean Pause Time
 P e r Reinforcer For P9 See 
Figure 9 For Details. 
a s t h e u n i t s c h e d u l e of t h e s e c o n d - o r d e r s c h e d u l e i n c r e a s e d . Note t h a t 
P 9 ' s pause t ime then d e c r e a s e d under t h e FR 300 c o n d i t i o n . At the two 
l a r g e r v a l u e s o f t h e r a t i o n , pause t ime i n c r e a s e d o v e r the b a s e l i n e v a l u e 
( I , Mult F I 20 -min F I 2 0 - m i n ) . Pause t ime was a lways l e s s under t h e c o n ­
j u n c t i v e s c h e d u l e component compared to the s e c o n d - o r d e r s c h e d u l e , e x c e p t 
f o r P9 under t h e FR 30 c o n d i t i o n . P9 responded a t such a h i g h r a t e thus 
t h i s s m a l l r a t i o r e q u i r e m e n t was seldom met a f t e r the i n t e r v a l e l a p s e d . 
P a u s e t ime under t h e c o n j u n c t i v e s c h e d u l e e i t h e r d id n o t i n c r e a s e w i t h 
i n c r e a s i n g r a t i o s i z e ( P 8 , P 7 3 ) o r d e c r e a s e d ( P 9 ) . However, P 7 3 ' s pause 
t ime did i n c r e a s e under t h e c o n j u n c t i v e s c h e d u l e , FR 3 0 0 c o n d i t i o n , s i n c e 
t h e b i r d would o f t e n pause t h e l e n g t h o f t h e i n t e r v a l b e f o r e c o m p l e t i n g 
t h e r a t i o r e q u i r e m e n t ( s e e F i g u r e 7, bo t tom p a n e l , a t d_) . 
F i g u r e s 1 2 , 1 3 , and 14 p r e s e n t t h e mean i n t e r - r e i n f o r c e r t ime f o r 
a l l t h r e e b i r d s under a l l c o n d i t i o n s of e x p e r i m e n t s I and I I . The l e g e n d s 
a r e t h e same a s t h e p r e v i o u s f i g u r . The t ime between r e i n f o r c e r s i n c r e a s e s 
a s t h e u n i t s c h e d u l e i n c r e a s e d under t h e no s t i m u l u s c o n d i t i o n . ( T h e r e 
was a s l i g h t d e c r e a s e in i n t e r - r e i n f o r c e r t ime f o r P73 under t h e FR 3 0 0 
c o n d i t i o n ) . The i n t e r - r e i n f o r c e r t ime did no t i n c r e a s e under t h e c o n j u n c ­
t i v e s c h e d u l e , e x c e p t a t FR 300 f o r P73 and P 8 . Al though P 7 3 * s pause 
t ime had i n c r e a s e d under t h i s c o n d i t i o n ( F i g u r e 9 ) , t h e i n c r e a s e w a s s m a l l 
s i n c e P73 met t h e r a t i o r e q u i r e m e n t soon a f t e r t h e i n t e r v a l e l a p s e d . P 8 , 
on t h e o t h e r hand, would b e g i n r e s p o n d i n g , but then pause u n t i l a f t e r t h e 
i n t e r v a l e l a p s e d t o c o m p l e t e t h e r e s p o n s e r e q u i r e m e n t . T h i s had t h e e f f e c t 
of i n c r e a s i n g i n t e r - r e i n f o r c e r t i m e f o r P 8 , w i t h o u t a p p r e c i a b l y i n c r e a s i n g 
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Figure 12. Mean Interreinforcer Time Per Reinforcer For 
P73. Stippled Bars Are The MULT FI 20-Min, FI 20-Min 
Condition; White Bars Are The No-Stimulus Condition (Exper­
iment I); Single-Hatched Bars Are The S n p Condition; 
Double-Hatched Bars Are The S P Condition (Experiment II). 
Top Figure Is The Second-Order Schedule; Bottom Figure 
Is the Conjunctive Schedule. Lines Are One Standard Error 
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Figure 14. Mean Interreinforcer Time Per Reinforcer For 
P9. See Figure 12 For Details. 
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D i s c u s s i o n 
In E x p e r i m e n t I , imposing a r a t i o r e q u i r e m e n t in e i t h e r a c o n j u n c ­
t i v e manner o r a s a u n i t s c h e d u l e r e q u i r e m e n t c o n s i d e r a b l y i n c r e a s e d o v e r ­
a l l r e s p o n s e r a t e s when compared t o a s imple f i x e d - i n t e r v a l s c h e d u l e . 
These r e s u l t s a r e c o n t r a r y t o some p r e v i o u s f i n d i n g s . F o r e x a m p l e , H e r r n -
s t e i n and Morse ( 1 9 5 8 ) found t h a t imposing a c o n j u n c t i v e r a t i o r e q u i r e m e n t 
(FR 1 0 0 ) under a f i x e d - i n t e r v a l 1 5 - m i n u t e s c h e d u l e d e c r e a s e d a v e r a g e r e ­
sponse r a t e s from about woo p e r i n t e r v a l t o l e s s than 1 0 0 p e r i n t e r v a l , 
and i n c r e a s e d t h e i n t e r r e i n f o r c e r i n t e r v a l from 15 minutes t o about 80 
m i n u t e s . During t h e c o u r s e o f t h e p r e s e n t e x p e r i m e n t s , e i t h e r in t h e n o -
s t i m u l u s c o n d i t i o n s o r t h e b r i e f s t i m u l u s c o n d i t i o n s ( E x p e r i m e n t I I ) , the 
o v e r a l l r e s p o n s e r a t e s were a lways h i g h e r t h a n t h e i n i t i a l s imple f i x e d -
i n t e r v a l r a t e s . 
However, t h e p r e s e n t r e s u l t s do c o i c i d e w i t h more r e c e n t f i n d i n g s 
c o n c e r n i n g c o n j u n c t i v e F I FR s c h e d u l e s . B a r r e t t ( 1 9 7 6 ) s t u d i e d the e f f e c t s 
o f adding a c o n j u n c t i v e a d j u s t i n g r a t i o r e q u i r e m e n t t o a f i x e d - i n t e r v a l 
s c h e d u l e . That i s , t h e r a t i o r e q u i r e m e n t s i z e was d e t e r m i n e d by t h e 
o r g a n i s m ' s b e h a v i o r ; t h e e a r l i e r in t h e i n t e r v a l the b i r d r e s p o n d e d , t h e 
l a r g e r t h e r a t i o r e q u i r e m e n t was s e t f o r t h a t i n t e r v a l . Under t h i s p r o ­
c e d u r e , B a r r e t t ( 1 9 7 6 ) found t h a t r e s p o n s e r a t e s f i r s t i n c r e a s e d then 
d e c r e a s e d o v e r t h e r a n g e o f r a t i o v a l u e s from 0 to 9 0 0 . F u r t h e r m o r e , t h e 
v a r i o u s p a t t e r n s o f r e spond ing engendered by t h e c o n j u n c t i v e s c h e d u l e a r e 
s i m i l a r t o p r e v i o u s f i n d i n g s . The i n t e r v a l s in which re spond ing was i n i t i ­
a t e d a t a h igh r a t e and then d e c r e a s e d a s the i n t e r v a l e l a p s e d , a p a t t e r n 
common t o P 9 , h a s been r e p o r t e d in p r e v i o u s c o n j u n c t i v e s c h e d u l e e x p e r i m e n t s 
( B a r r e t t , 1 9 7 5 ; 1 9 7 6 ; H e r r n s t e i n & Morse , 1 9 5 8 ) . In a d d i t i o n , t h e o c c u r r e n c e 
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o f v a r i a t i o n s in p a t t e r n i n g i s common t o c o n j u n c t i v e s c h e d u l e s as w e l l 
( B a r r e t t , 1 9 7 5 ; 1 9 7 6 ) . At l a r g e r r a t i o v a l u e s o f a c o n j u n c t i v e s c h e d u l e , 
i n s t a n c e s have a l s o been o b s e r v e d in which the organ i sm paused t h e l e n g t h 
o f t h e i n t e r v a l b e f o r e meet ing t h e c o n j u n c t i v e r a t i o r e q u i r e m e n t ( B a r r e t t , 
1 9 7 6 ; H e r r n s t e i n & M o r s e , 1 9 5 8 ) , as w e r e s ^ e n in the p r e s e n t e x p e r i m e n t . 
F i n a l l y , B a r r e t t ( 1 9 7 6 ) found i n s t a n c e s o f p a t t e r n i n g which were l i k e t h o s e 
engendered in many i n t e r v a l s dur ing t h i s e x p e r i m e n t in which a b u r s t o f 
r e spond ing would be fo l lowed by a p a u s e . 
The r a t e enhancement found under p r e v i o u s s e c o n d - o r d e r s c h e d u l e , 
SO F I t (FR n : S ) when compared t o a s i m p l e f i x e d - i n t e r v a l has been a t t r i b ­
u t e d t o t h e p r e s e n t a t i o n o f t h e b r i e f s t i m u l u s t e r m i n a t i n g t h e u n i t s c h e d u l e 
o r t o t h e r e i n f o r c e m e n t o f t h e r a t i o p e r f o r m a n c e ( B r a d f o r d & M a r r , 1 9 7 6 ) . 
However, v e r y l a r g e i n c r e a s e s in o v e r a l l r a t e s were found in t h e p r e s e n t 
e x p e r i m e n t under t h e n o - s t i m u l u s p r o c e d u r e . The p a t t e r n s o f responding 
engendered under t h e s e c o n d - o r d e r s c h e d u l e were v e r y s i m i l a r to t h o s e seen 
under t h e c o n j u n c t i v e s c h e d u l e component. Only one b i r d , P 9 , m a i n t a i n e d 
c o n s i s t e n t l y h i g h e r r a t e s under t h e s e c o n d - o r d e r s c h e d u l e in t h e n o - s t i m u l u s 
p r o c e d u r e . The o n l y c o n s i s t e n t d i f f e r e n c e between t h e c o n j u n c t i v e and t h e 
s e c o n d - o r d e r s c h e d u l e components was in t h e f i n a l segments o f t h e i n t e r v a l . 
Under t h e c o n j u n c t i v e s c h e d u l e , a f t e r t h e i n i t i a l b u r s t o f r e s p o n d i n g , a 
n e g a t i v e l y a c c e l e r a t i n g r a t e was o f t e n seen in t h e middle and t e r m i n a l 
segments o f t h e i n t e r v a l . T h i s i s p o s s i b l e b e c u a s e o f t h e t e m p o r a l r e l a ­
t i o n s h i p o f t h e r e s p o n s e r e q u i r e m e n t t o t h e r e i n f o r c e r . The s e c o n d - o r d e r 
s c h e d u l e , F I t (FR n) p r o v i d e s a r e i n f o r c e r f o r t h e f i r s t f i x e d r a t i o o f 
s i z e n t h a t i s comple ted a f t e r t h e i n t e r v a l has e l a p s e d . Morse ( 1 9 6 6 A ) 
has d e m o n s t r a t e d t h a t s h o r t e r IRTs ( I n t e r - r e s p o n s e t i m e s ) w i l l be d i f f e r e n t -
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l y r e i n f o r c e d on r a t i o a s compared t o i n t e r v a l s c h e d u l e s ; t h e t e r m i n a l 
IRTs in f i x e d - i n t e r v a l s h c e d u l e s a r e l i k e l y to be l o n g e r than t h e ones 
immedia te ly p r e c e d i n g i t (Dews, 1 9 6 9 ; F e r s t e r and S k i n n e r , 1 9 5 7 ) . The 
i n c r e a s i n g r e s p o n s e r a t e s in t h e t e r m i n a l segments o f t h e s e c o n d - o r d e r 
s c h e d u l e c o u l d be e x p l a i n e d by t h e r e i n f o r c e m e n t o f s h o r t e r IRTs , a c h a r ­
a c t e r i s t i c o f f i x e d - r a t i o r e s p o n d i n g . The h i g h e r r a t e s in t h e t e r m i n a l 
segments d id n o t r e s u l t in h i g h e r o v e r a l l r a t e s in t h e s e c o n d - o r d e r 
s c h e d u l e s i n c e t h e pause t ime under t h e c o n j u n c t i v e s c h e d u l e was u s u a l l y 
s h o r t e r . T h i s r e i n f o r c e m e n t o f s h o r t e r IRTs cou ld a c c o u n t f o r t h e h i g h e r 
r a t e s s een under t h e s e c o n d - o r d e r s c h e d u l e when compared t o t h e s imple 
f i x e d - i n t e r v a l s c h e d u l e . 
P o s t - r e i n f o r c e m e n t pauses were l o n g e r under t h e s e c o n d - o r d e r s c h e d u l e 
and the c o n j u n c t i v e s c h e d u l e in e x p e r i m e n t s I , compared t o t h e o r i g i n a l 
F I 2 0 - m i n u t e s c h e d u l e . One r e a s o n i s t h a t e a r l y "probes" i . e . , i s o l a t e d 
b u r s t s o f re sponding e a r l y in t h e i n t e r v a l (Cumming & S c h o e n f e l d , 1 9 5 8 ) 
a l m o s t n e v e r o c c u r r e d under e i t h e r complex s c h e d u l e . In a d d i t i o n , under 
b o t h s c h e d u l e s , t h e l a r g e r t h e r a t i o r e q u i r e m e n t , t h e h i g h e r p r o b a b i l i t y 
o f l e n g t h e n i n g t h e i n t e r - r e i n f o r c e r t i m e . P o s t - r e i n f o r c e m e n t pause s i z e 
i n c r e a s e s on w i t h l o n g e r d u r a t i o n s o f i n t e r v a l s ( S c h n e i d e r , 1 9 6 9 ; I n n i s 
& Staddon, 1 9 7 1 ; S h u l l , 1 9 7 1 ) . T h i s may, p a r t , a c c o u n t f o r t h e g e n e r a l l y 
l o n g e r pause t i m e in t h e s e c o n d - o r d e r s c h e d u l e component when compared t o 
t h e c o n j u n c t i v e s c h e d u l e component. I f the r a t i o r e q u i r e m e n t were completed 
b e f o r e t h e i n t e r v a l e l a p s e d under t h e c o n j u n c t i v e s c h e d u l e , t h e f i r s t r e ­
sponse t h e r e a f t e r would be r e i n f o r c e d . Under t h e s e c o n d - o r d e r s c h e d u l e , 
t h e r a t i o r e q u i r e m e n t a lways had t o be completed a f t e r t h e i n t e r v a l e l a p s e d , 
i n c r e a s i n g t h e i n t e r r e i n f o r c e r t ime w i t h i n c r e a s e d s i z e of t h e u n i t s c h e d u l e . 
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B e c a u s e o v e r a l l r e s p o n s e r a t e s were i n c r e a s e d c o n s i d e r a b l y under 
b o t h complex s c h e d u l e s even wi th the s a m l l e s t r a t i o r e q u i r e m e n t , t h e 
c o n j u n c t i v e r a t i o r e q u i r e m e n t was most o f t e n met p r i o r t o t h e t e r m i n a t i o n 
o f t h e i n t e r v a l . I t was n o t u n t i l t h e r a t i o r e q u i r e m e n t was i n c r e a s e d t o 
300 t h a t a l l t h r e e b i r d s began t o c o m p l e t e t h e r e s p o n s e r e q u i r e m e n t a f t e r 
t h e i n t e r v a l ahd e l a p s e d f o r both the c o n j u n c t i v e and t h e s e c o n d - o r d e r 
s c h e d u l e s . The r e s i l i e n c y o f t h e p e r f o r m a n c e under the c o n j u n c t i v e s c h e d ­
u l e s component may h a v e been a f f e c t e d by a n o t h e r v a r i a b l e . T h e r e i s a 
p o s s i b i l i t y o f an i n d u c t i v e e f f e c t between t h e two components o f t h e m u l t i ­
p l e s c h e d u l e ( R e y n o l d s , 1 9 6 1 ) . Under a m u l t i p l e s c h e d u l e t h e r e s p o n s e 
r a t e s in one component may be a f f e c t e d by t h e p a r t i c u l a r s c h e d u l e programmed 
in t h e o t h e r component ( i n t h i s c a s e , t h e s e c o n d - o r d e r s c h e d u l e ) (Nev in , 
1 9 7 3 ) . The f o u r minute t i m e - o u t (TO) was an a t t e m p t t o e l i m i n a t e such 
i n t e r a c t i o n s , b u t a s i n d i c a t e d be low, t h i s p r o c e d u r e may n o t have e l i m i n ­
a t e d a l l i n t e r a c t i o n s between t h e two components . 
To summarize, bo th c o n j u n c t i v e and s e c o n d - o r d e r s c h e d u l e s m a i n t a i n e d 
responding up t o a r a t i o r e q u i r e m e n t o f 300 r e s p o n s e s . However, t h e pause 
t ime was u s u a l l y s h o r t e r under t h e c o n j u n c t i v e s c h e d u l e than t h e s e c o n d -
o r d e r s c h e d u l e , and n e g a t i v e a c c e l e r a t i o n o f re spond ing was seen o n l y in 
t h e c o n j u n c t i v e s c h e d u l e i n d i c a t i n g t h a t t h e b i r d s were d i s c r i m i n a t i n g 
between t h e two r e s p o n s e r e q u i r e m e n t s . 
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CHAPTER I I I 
EXPERIMENT I I : THE ROLE OF BRIEF STIMULI 
I n t r o d u c t i o n 
S t imulus F u n c t i o n s . 
The d e p e n d e n s i c e s p r e s c r i b e d by a s c h e d u l e o f r e i n f o r c e m e n t and 
t h e o r g a n i s m ' s h i s t o r y d e t e r m i n e what e f f e c t s a consequent s t i m u l u s w i l l 
h a v e . Morse and K e l l e h e r ( 1 9 7 0 ) have s t a t e d t h a t t h e s t a t u s o f a p a r t i c u ­
l a r e v e n t may depend l e s s upon t h e e v e n t i t s e l f than upon how i t i s s c h e d ­
u l e d . F o r i n s t a n c e , a r e s p o n s e - d e p e n d e n t shock may s e r v e as a p u n i s h e r , 
a n e g a t i v e r e i n f o r c e r , o r a p o s i t i v e r e i n f o r c e r , depending upon i t s s c h e d ­
u l e o f p r e s e n t a t i o n and t h e o r g a n i s m ' s h i s t o r y . F u r t h e r m o r e , t h e e f f e c t s 
o f a d d i t i o n a l v a r i a b l e s upon p e r f o r m a n c e may, t o a l a r g e e x t e n t be d e t e r ­
mined by t h e t y p e o f s c h e d u l e c o n t r o l l i n g t h e b e h a v i o r . Dews ( 1 9 5 5 ) found 
t h a t dose l e v e l s o f p e n t o b a r b i t a l t h a t d r a s t i c a l l y reduced r a t e s o f r e s p o n d ­
ing under a f i x e d - i n t e r v a l s c h e d u l e had r e l a t i v e l y l i t t l e e f f e c t upon 
p e r f o r m a n c e under a f i x e d - r a t i o s c h e d u l e . C o n s e q u e n t l y , t h e e v e n t s which 
a f f e c t b e h a v i o r must be i d e n t i f i e d and de f ined in terms o f a p a r t i c u l a r 
s i t u a t i o n (Morse & K e l l e h e r , 1 9 7 0 ) . F o r i n s t a n c e , u n c o n d i t i o n e d r e i n f o r c e r s 
have t r a d i t i o n a l l y been thought o f a s s t i m u l i which a r e r e i n f o r c i n g f o r 
a l l members o f a s p e c i e s , w i t h o u t r e g a r d t o t h a t o r g a n i s m ' s h i s t o r y ( G o l l u b , 
1 9 7 6 ) . Y e t , dry food i n t h e mouth o f P a v l o v ' s dogs was n o t an e f f e c t i v e 
e l i c i t i n g s t i m u l u s i f t h e dogs had been exposed on ly t o m i l k ( G o l l u b , 1 9 7 6 ) ; 
l i k e w i s e , food t e n d s t o be r e i n f o r c i n g o n l y i f t h e organ i sm has been der-
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p r i v e d . C o n d i t i o n e d r e i n f o r c e r s a r e s t i m u l i t h a t have come t o have r e i n ­
f o r c i n g e f f e c t s through a h i s t o r y o f a s s o c i a t i o n wi th u n c o n d i t i o n e d r e i n -
f o r c e r s . But a s Gollub ( 1 9 7 6 ) p o i n t s o u t , no s t i m u l u s i s a r e i n f o r c e r 
c o m p l e t e l y devo id o f t h a t o r g a n i s m ' s h i s t o r y . Thus , t h e d i f f e r e n c e between 
u n c o n d i t i o n e d r e i n f o r c e r s and c o n d i t i o n e d r e i n f o r c e r s w i t h r e g a r d t o t h e 
o r g a n i s m ' s h i s t o r y , i s o n l y one o f d e g r e e . The term c o n d i t i o n e d r e i n f o r c e ­
ment i s u s u a l l y r e s e r v e d f o r s t i m u l i whose c o n d i t i o n i n g h i s t o r y has been 
s p e c i f i c a l l y a r r a n g e d by t h e e x p e r i m e n t e r ( G o l l u b , 1 9 7 6 ) . 
S i n c e t h e f u n c t i o n s o f c o n s e q u e n t s t i m u l i a r e d e f i n e d by t h e e f f e c t s 
which they have upon b e h a v i o r , in o r d e r f o r an e v e n t t o be c a l l e d a r e i n ­
f o r c e r o f a p a r t i c u l a r r e s p o n s e , i t must be d e m o n s t r a t e d t h a t t h e b e h a v i o r 
i s s u s t a i n e d by t h e p r e s e n t a t i o n of t h e s t i m u l u s . 
B r i e f S t i m u l i in S e c o n d - O r d e r S c h e d u l e s . 
An i m p o r t a n t f a c t o r in d e t e r m i n i n g r a t e s and p a t t e r n s o f responding 
under s e c o n d - o r d e r s c h e d u l e s i s t h e p r e s e n c e o r a b s e n c e o f s t i m u l u s changes 
a t t h e t e r m i n a t i o n o f each u n i t s c h e d u l e r e q u i r e m e n t o f t h e s e c o n d - o r d e r 
s c h e d u l e . I f a b r i e f s t i m u l u s f o l l o w s a l l the u n i t s , i n c l u d i n g t h e one 
t e r m i n a t i n g in t h e r e i n f o r c e r , e . g . , i t i s d e s i g n a t e d a paired s t i m u l u s 
( S P ) . However, t h e b r i e f s t i m u l u s may t e r m i n a t e a l l t h e components e x c e p t 
t h e f i n a l u n i t ending in food p r e s e n t a t i o n . In t h i s c a s e , t h e b r i e f s t i m ­
u l u s i s n o t d i r e c t l y a s s o c i a t e d wi th t h e r e i n f o r c e r and i s d e s i g n a t e d a 
n o n - p a i r e d s t i m u l u s ( S n p ) . As i n t h e c a s e o f o t h e r s t i m u l i , t h e r o l e o f 
a b r i e f s t i m u l u s t e r m i n a t i n g s e c o n d - o r d e r s c h e d u l e u n i t s can be d e f i n e d 
in r e l a t i o n t o i t s e f f e c t s on b e h a v i o r . A w e l l documented phenomenon i s 
t h a t b r i e f s t i m u l i may d e m o n s t r a t e r e i n f o r c i n g p r o p e r t i e s , e s p e c i a l l y i f 
t h e b r i e f s t i m u l u s i s p a i r e d w i t h food . K e l l e h e r ( 1 9 6 6 ) i n v e s t i g a t e d a 
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number o f f i x e d - r a t i o s e c o n d - o r d e r s c h e d u l e s , under c o n d i t i o n s o f no 
s t i m u l u s o r a p a i r e d s t i m u l u s t e r m i n a t i n g each f i x e d - r a t i o c o m p l e t e d . 
K e l l e h e r found t h a t t h e p r e s e n t a t i o n o f a p a i r e d b r i e f s t i m u l u s n o t on ly 
produced p a t t e r n i n g c h a r a c t e r i s t i c o f f o o d - m a i n t a i n e d p e r f o r m a n c e s w i t h i n 
t h e u n i t s , bu t a l s o engendered h i g h e r o v e r a l l r a t e s o f re sponding when 
compared t o t h e n o - s t i m u l u s p r o c e d u r e . 
M a l a g o d i , Deweese and J o h n s t o n ( 1 9 73) compared t h e p e r f o r m a n c e engen­
d e r e d under a p a i r e d and n o n - p a i r e d b r i e f s t i m u l u s p r o c e d u r e , where t h e 
b r i e f s t i m u l u s was p r e s e n t e d a t t h e c o m p l e t i o n o f a f i x e d - i n t e r v a l 2 -
minute s c h e d u l e ( F I 2 - m i n ) . E x e c u t i n g two such i n t e r v a l s r e s u l t e d in 
food p r e s e n t a t i o n : SO FR 2 ( F I 2 - m i n ) . They found s u b s t a n t i a l l y more 
w i t h i n - u n i t p a t t e r n i n g , i . e . , a pause fo l lowed by i n c r e a s e d responding 
u n t i l t h e n e x t b r i e f s t i m u l u s p r e s e n t a t i o n , dur ing t h e f i r s t F I 2-min 
u n i t , and h i g h e r o v e r a l l r a t e s o f re spond ing when t h e b r i e f s t i m u l u s was 
p a i r e d w i t h food . However, o v e r a l l r e s p o n s e r a t e i s n o t n e c e s s a r i l y t h e 
b e s t i n d i c a t i o n o f r e s p o n s e s t r e n g t h . Byrd and Marr ( 1 9 6 9 ) i n v e s t i g a t e d 
t h e p e r f o r m a n c e engendered by t h e s c h e d u l e , SO v a r i a b l e r a t i o (VR) 12 
( F I 2 0 - m i n ; S ) . That i s , on t h e a v e r a g e , e v e r y 1 2 t h F I 2 - m i n u t e s c h e d u l e 
p e r f o r m a n c e was r e i n f o r c e d by food p r e s e n t a t i o n . They found t h a t t h e non-
p a i r e d b r i e f s t i m u l u s engendered h i g h e r o v e r a l l r e s p o n s e r a t e s , but t h e y 
a t t r i b u t e d t h i s t o t h e f a c t t h a t t h e r e was s u b s t a n t i a l l y more paus ing e a r l y 
in t h e f i x e d - i n t e r v a l u n i t s under t h e p a i r e d b r i e f s t i m u l u s c o n d i t i o n s . 
Thus , t h e e f f e c t s o f b r i e f s t i m u l i o b s e r v e d under s e c o n d - o r d e r s c h e d u l e s 
may be c h a r a c t e r i z e d by enhancement in t h e r e s p o n s e r a t e s w i t h i n u n i t 
s c h e d u l e s o r u n i t s c h e d u l e p a t t e r n s m a i n t a i n e d by t h e p r e s e n t a t i o n o f t h e 
b r i e f s t i m u l i t h a t a r e i d e n t i c a l t o t h o s e p a t t e r n s o f re spond ing m a i n t a i n e d 
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4 4 
by food p r e s e n t a t i o n . 
The r o l e o f t e n a s s i g n e d to b r i e f s t i m u l i as a r e s u l t o f t h e s e 
enhanc ing e f f e c t s i s t h a t o f a c o n d i t i o n e d r e i n f o r c e r . At t h e p r e s e n t 
t i m e , however , t h e n e c e s s a r y and s u f f i c i e n t c o n d i t i o n s t o e s t a b l i s h a 
s t i m u l u s a s a c o n d i t i o n e d r e i n f o r c e r remain e l u s i v e ( K e l l e h e r & G o l l u b , 
1 9 6 2 : G o l l u b , 1 9 7 6 ) . But the d a t a c o n c e r n i n g t h e p a i r e d s t i m u l i a r e 
c l e a r : t h e y e x e r t c o n t r o l o v e r responding by e i t h e r i n c r e a s i n g r a t e s o f 
r e s p o n d i n g o r g e n e r a t i n g s c h e d u l e - c h a r a c t e r i s t i c p a t t e r n s o f r e spond ing 
w i t h i n u n i t components ( B y r d , 19 7 2 ; DeLorge , 1 9 6 7 ; 1 9 6 9 ; K e l l e h e r , 1966A; 
1 9 6 6 B ; M a r r , 1 9 6 9 ; thomas & S t u b b s , 1 9 6 9 ) . On t h e o t h e r hand, some i n v e s t ­
i g a t o r s have found enhanced re spond ing o r s c h e d u l e c h a r a c t e r i s t i c p a t t e r n ­
ing w i t h n o n - p a i r e d s t i m u l i ( S t u b b s , 1 9 7 1 ; s t u b b s & Cohen, 1 9 7 2 ; Stubbs 
& S i l v e r m a n , 1 9 7 2 ) . In t h e s e c a s e s , a d i s c r i m i n a t i v e f u n c t i o n o f t h e b r i e f 
s t i m u l u s h a s been emphas ized . Stubbs ( 1 9 7 1 ) s u g g e s t e d t h a t when f i x e d 
u n i t components ( e . g . , FR o r F I ) a r e u s e d , t h e r e i s a f i x e d p e r i o d o f t i m e 
between t h e o c c u r r e n c e o f t h e l a s t b r i e f s t i m u l u s and food p r e s e n t a t i o n , 
and t h e b r i e f s t i m u l u s may thus a c q u i r e S c h a r a c t e r i s t i c s . (an S^ i s a 
s t i m u l u s in t h e p r e s e n c e o f which r e s p o n d i n g i s n e v e r r e i n f o r c e , i . e . , an 
e x t i n c t i o n s c h e d u l e ) . That i s , dur ing t h e f i r s t p a r t o f t h e u n i t , food i s 
n e v e r p r e s e n t e d , and t h u s t h e organ i sm p a u s e s b e f o r e r e s p o n d i n g . I f t h e 
f i r s t p a r t o f t h e f i x e d u n i t d e v e l o p e d S ^ p r o p e r t i e s , o r i f 
t h e b r i e f s t i m u l u s a c q u i r e d r e i n f o r c i n g p r o p e r t i e s c o n t r o l l i n g 
s c h e d u l e c h a r a c t e r i s t i c p a t t e r n s , t h e e n d r e s u l t w o u l d b e 
s i m i l a r - a p a u s e a f t e r t h e b r i e f s t i m u l u s p r e s e n t a t i o n 
f o l l o w e d b y i n c r e a s e d r e s p o n d i n g . H o w e v e r , t h e S ^ h y p o t h e s i s 
w o u l d e x p l a i n t h e u n i t p a t t e r n i n g i n b o t h t h e p a i r e d a n d n o n -
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p a i r e d c o n d i t i o n s . 
A c c o r d i n g t o t h e p r o p o n e n t s o f t h e d i s c r i m i n a t i v e 
s t i m u l u s h y p o t h e s i s , i n o r d e r f o r a u n i t p e r f o r m a n c e t o d e v e l o p 
t h e r e m u s t b e a n e x a c t c o r r e s p o n d e n c e b e t w e e n t h e s c h e d u l e 
t e r m i n a t i n g i n t h e b r i e f s t i m u l u s a n d t h e s c h e d u l e t e r m i n a ­
t i n g i n f o o d p r e s e n t a t i o n ( N e u r i n g e r & C h u n g , 1 9 6 7 ) . One 
way o f e l i m i n a t i n g t h i s r e l a t i o n s h i p h a s b e e n t o s c h e d u l e 
b r i e f s t i m u l i a n d f o o d p r e s e n t a t i o n s i n d e p e n d e n t l y . T h i s i s 
c a l l e d a c o n j o i n t s c h e d u l e i f t h e t w o s c h e d u l e s a r e o p e r a t i n g 
i n d e p e n d e n t l y on t h e s a m e m a n i p u l a n d u m ; i f s e p a r a t e m a n i p u l a n d a 
a r e u s e d , i t i s c a l l e d a c o n c u r r e n t s c h e d u l e . H o w e v e r , i n 
s t u d i e s u s i n g t h i s a r r a n g e m e n t , t h e c o n c l u s i o n s r e g a r d i n g 
t h e p e r f o r m a n c e e n g e n d e r e d by t h e s e s c h e d u l e s h a v e n o t a l w a y s 
b e e n t h e s a m e . F o r i n s t a n c e , S h u l l e_t a_l. ( 1 9 7 2 ) f o u n d no 
e v i d e n c e f o r e i t h e r i n c r e a s e d r a t e s o f r e s p o n d i n g o r c h a r a c ­
t e r i s t i c p a t t e r n i n g u n d e r a f i x e d - r a t i o s c h e d u l e f o r b r i e f 
s t i m u l i p r e s e n t e d c o n j o i n t l y w i t h a f i x e d - i n t e r v a l s c h e d u l e 
f o r f o o d . C o n t r a s t e d w i t h t h e s e e x p e r i m e n t s a r e o n e s i n 
w h i c h t h e r e w a s a n e f f e c t u p o n p e r f o r m a n c e a s a r e s u l t o f 
t h e p a i r e d b r i e f s t i m u l u s p r e s e n t a t i o n s . F o r e x a m p l e , M a r r 
a n d Z e i l e r ( 1 9 7 4 ) s c h e d u l e d a b r i e f s t i m u l u s p r e s e n t a t i o n 
u n d e r e i t h e r a 3 - m i n u t e f i x e d - o r v a r i a b 1 e - i n t e r v a 1 s c h e d u l e 
w h i l e c o n j o i n t l y p r e s e n t i n g f o o d u n d e r a 1 5 - m i n u t e f i x e d - i n t e r ­
v a l s c h e d u l e . T h e y f o u n d t h a t b o t h p a i r e d b r i e f s t i m u l u s 
s c h e d u l e s e n h a n c e d t h e l o w r a t e s n o r m a l l y o c c u r r i n g e a r l y 
i n t h e b r i e f s t i m u l i s c h e d u l e s . Z i m m e r m a n ( 1 9 6 3 ) s c h e d u l e d 
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f o o d p r e s e n t a t i o n f o r p i g e o n s on o n e k e y , w h i l e c o n c u r r e n t l y 
p r e s e n t i n g a r e s p o n s e - p r o d u c e d p a i r e d b r i e f s t i m u l u s on a 
s e c o n d k e y , a n d f o u n d t h a t r e s p o n d i n g on t h e s e c o n d k e y w a s 
m a i n t a i n e d o v e r many s e s s i o n s . I n Z i m m e r m a n ' s s t u d y , r e s p o n d ­
i n g w a s m a i n t a i n e d by t h e b r i e f s t i m u l u s a s s o c i a t e d w i t h f o o d , 
a l b e i t a t l o w e r r a t e s o f r e s p o n d i n g t h a n w a s m a i n t a i n e d by 
t h e f o o d p r o d u c i n g k e y , b u t r a t e s a n d p a t t e r n s o f r e s p o n d i n g 
on t h e b r i e f s t i m u l u s k e y w e r e a p p r o p r i a t e f o r t h e s c h e d u l e i n 
e f f e c t . T h e s e t w o e x p e r i m e n t s p r e s e n t e m p i r i c a l e v i d e n c e 
t h a t t h e b r i e f s t i m u l u s a n d f o o d n e e d n o t b e p r e s e n t e d u n d e r 
t h e s a m e s c h e d u l e i n o r d e r f o r t h e u n i t s c h e d u l e p a t t e r n t o 
o c c u r . 
T h e d a t a f r o m t h e c o n j o i n t a n d t h e c o n c u r r e n t s c h e d u l e s 
i n w h i c h t h e p e r f o r m a n c e s w e r e a l t e r e d by t h e b r i e f s t i m u l u s 
p r e s e n t a t i o n s s u g g e s t t h a t t h e r a t e - e n h a n c i n g e f f e c t s o f t h e 
a d d e d b r i e f s t i m u l i c a n b e s t b e o b t a i n e d w h e n t h e r e s p o n s e 
t h a t p r o d u c e s t h e b r i e f s t i m u l u s i s u n d e r m i n i m a l c o n t r o l o f 
f o o d r e i n f o r c e m e n t . T h e c l e a r e s t s u s t a i n e d e f f e c t s a r e o b t a i n 
ed w h e n t h e r e s p o n s e n e v e r p r o d u c e s f o o d , a s i n Z i m m e r m a n ' s 
( 1 9 6 3 ) c o n c u r r e n t s c h e d u l e , o r a r e l e s s s t r o n g l y c o n t r o l l e d 
by f o o d , a s i n e a r l y s e g m e n t s o f f i x e d - i n t e r v a l s c h e d u l e s 
( G o l l u b , 1 9 7 6 ) . G o l l u b s u g g e s t s t h a t t h e b r i e f s t i m u l u s may 
b e s e r v i n g t w o r o l e s : o n e , a d i s c r i m i n a t i v e s t i m u l u s f u n c t i o n , 
s i n c e r e s p o n d i n g i m m e d i a t e l y f o l l o w i n g t h e s e s t i m u l i a r e n e v e r 
r e i n f o r c e d ; a n d s e c o n d , a c o n d i t i o n e d r e i n f o r c i n g e f f e c t 
p r o d u c i n g r a t e e n h a n c e m e n t . H o w e v e r , t h e c o n d i t i o n e d r e i n -
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f o r c i n g e f f e c t s o f t h e b r i e f s t i m u l i may b e o v e r s h a d o w e d 
by t h e e f f e c t s o f f o o d r e i n f o r c e m e n t . A r e l a t i v e l y l o n g 
f i x e d - i n t e r v a l s c h e d u l e , e . g . , a f i x e d - i n t e r v a l 2 0 - m i n u t e 
s c h e d u l e , s h o u l d a l l o w a n y d i f f e r e n t i a l e f f e c t s o f t h e b r i e f 
s t i m u l i a t t h e b e g i n n i n g o f t h e i n t e r v a l t o b e s e e n . 
G o a l s . 
E x p e r i m e n t I I i n v e s t i g a t e d t h e r o l e o f b r i e f s t i m u l i 
i n b o t h s e c o n d - o r d e r s c h e d u l e s a n d c o n j u n c t i v e s c h e d u l e s . 
T h e d i f f e r e n c e s b e t w e e n c o n j u n c t i v e a n d s e c o n d - o r d e r s c h e d u l e s 
o b s e r v e d i n p r e v i o u s e x p e r i m e n t s may b e a t t r i b u t e d t o t h e 
p r e s e n t a t i o n o f a b r i e f s t i m u l u s t e r m i n a t i n g t h e u n i t s c h e d u l e 
p e r f o r m a n c e . I f t h i s i s t h e c a s e , t h e b e h a v i o r o c c u r r i n g w h e n 
a b r i e f s t i m u l u s t e r m i n a t e s e a c h r a t i o u n d e r t h e c o n j u n c t i v e 
a n d t h e s e c o n d - o r d e r s c h e d u l e s s h o u l d b e d i f f e r e n t f r o m t h e 
p e r f o r m a n c e e n g e n d e r e d u n d e r t h e n o - s t i m u l u s p r o c e d u r e , 
E x p e r i m e n t I . T h e s e c h a n g e s i n p e r f o r m a n c e c o u l d b e e v i d e n t 
i n e i t h e r o v e r a l l r a t e s o r u n i t p a t t e r n s w h e n t h e b r i e f 
s t i m u l u s w a s a d d e d . F u r t h e r m o r e , t h e c o n j u n c t i v e s c h e d u l e 
o f f e r s a n o t h e r t e s t o f t h e n e c e s s i t y o f c o n g r u e n c e b e t w e e n 
t h e s c h e d u l e w h i c h p r o d u c e s f o o d a n d t h a t w h i c h p r o d u c e s 
t h e b r i e f s t i m u l u s . U n d e r t h e c o n j u n c t i v e s c h e d u l e , t h e b r i e f 
s t i m u l u s w i l l t e r m i n a t e a f i x e d - r a t i o p e r f o r m a n c e , b u t w i t h ­
o u t a f i x e d r e l a t i o n s h i p b e t w e e n t h e p r e v i o u s b r i e f s t i m u l u s 
p r e s e n t a t i o n a n d f o o d . T h e f o l l o w i n g h y p o t h e s e s w e r e e x a m i n e d 
H I : T h e p r e s e n t a t i o n o f a b r i e f s t i m u l u s a t t h e c o m p l e t i o n 
o f t h e r a t i o r e q u i r e m e n t o f b o t h t h e c o n j u n c t i v e s c h e d u l e 
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a n d t h e s e c o n d - o r d e r s c h e d u l e w i l l n o t a f f e c t r e s p o n d i n g 
when c o m p a r e d t o t h e n o - s t i m u l u s c o n d i t i o n ( E x p e r i m e n t 
I ) • 
H 2 : T h e r e w i l l b e no d i f f e r e n c e i n p e r f o r m a n c e e n g e n d e r e d 
by p a i r e d a n d n o n - p a i r e d b r i e f s t i m u l i . 
H 3 : T h e a s s u r e d f i x e d - t e r m p o r a l r e l a t i o n s h i p o f t h e b r i e f 
s t i m u l u s a n d t h e r e i n f o r c e r u n d e r t h e s e c o n d - o r d e r 
s c h e d u l e w i l l n o t d i f f e r e n t i a l l y a f f e c t r a t i o p a t t e r n ­
i n g c o m p a r e d t o t h e c o n j u n c t i v e s c h e d u l e w h i c h d o e s n o t 
p r o v i d e a f i x e d r e l a t i o n s h i p . 
M e t h o d 
S u b j e c t s . 
T h e s u b j e c t s , a p p a r a t u s a n d c r i t e r i o n f o r c h a n g i n g 
c o n d i t i o n s w e r e t h e s a m e a s i n E x p e r i m e n t I . 
P r o c e d u r e . 
T h e f i r s t p r o c e d u r e o f E x p e r i m e n t I I i n t r o d u c e d t h e 
p r e s e n t a t i o n o f a b r i e f s t i m u l u s a t t h e c o m p l e t i o n o f t h e 
f i x e d r a t i o , e x c e p t w h e n t h e f i x e d r a t i o t e r m i n a t e d i n f o o d , 
i . e . , a n o n - p a i r e d b r i e f s t i m u l u s ( S n ^ ) c o n d i t i o n . T a b l e I 
s h o w s t h e c o n d i t i o n s f o r E x p e r i m e n t I I . U n d e r t h e c o n j u n c t i v e 
s c h e d u l e , a b r i e f s t i m u l u s w a s p r e s e n t e d a t t h e c o m p l e t i o n o f 
t h e n t h r e s p o n s e , u n l e s s t h e r a t i o t e r m i n a t e d i n f o o d . A 
n o n - p a i r e d b r i e f s t i m u l u s w a s p r e s e n t e d u n d e r t h e s e c o n d -
o r d e r s c h e d u l e a t t h e c o m p l e t i o n o f e a c h f i x e d r a t i o o f 
s i z e n.. P r o c e d u r e 2 i n E x p e r i m e n t I I w a s t o p a i r t h e b r i e f 
s t i m u l u s w i t h f o o d ( S ^ ) u n d e r b o t h t h e c o n j u n c t i v e a n d t h e 
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s e c o n d - o r d e r s c h e d u l e c o m p o n e n t s . T h e b r i e f s t i m u l u s w a s 
a l w a y s a c h a n g e i n t h e k e y c o l o r l i g h t f r o m b l u e ( c o n j u n c t i v e 
s c h e d u l e ) t o a m b e r , o r f r o m r e d ( s e c o n d - o r d e r s c h e d u l e ) t o 
a m b e r f o r 0 . 7 5 s e c o n d s . U n d e r t h e c o n j u n c t i v e s c h e d u l e t h e 
p a i r e d b r i e f s t i m u l u s t e r m i n a t e d e v e r y n t h r e s p o n s e a n d i m ­
m e d i a t e l y p r e c e d e d f o o d p r e s e n t a t i o n . U n d e r t h e s e c o n d -
o r d e r s c h e d u l e , t h e p a i r e d b r i e f s t i m u l u s t e r m i n a t e d e a c h r i t h 
r e s p o n s e , i n c l u d i n g t h e o n e t e r m i n a t i n g i n f o o d . 
R e s u l t s 
T h e E f f e c t s o f B r i e f S t i m u l i . 
T h e m i d d l e a n d l e f t p a n e l s o f F i g u r e s 1 , 2 , a n d 3 s h o w 
o v e r a l l r a t e s f o r P 7 3 , P 8 , a n d P 9 , r e s p e c t i v e l y . When t h e 
f i x e d - i n t e r v a l s c h e d u l e w a s a g a i n p u t i n t o e f f e c t a f t e r t h e 
e n t i r e s e q u e n c e o f n o - s t i m u l u s c o n d i t i o n s ( E x p e r i m e n t I ) o v e r ­
a l l r a t e s r e m a i n e d a t a h i g h e r l e v e l t h a n t h e o r i g i n a l b a s e ­
l i n e l e v e l (MULT F I 2 0 - m i n , F I 2 0 - m i n ) . T h u s t h e r a t e - e n ­
h a n c i n g e f f e c t o f r e q u i r i n g m o r e r e s p o n s e s c o n t i n u e d a f t e r 
t h e e x t r a r e s p o n s e r e q u i r e m e n t s w e r e r e m o v e d . When t h e n o n -
p a i r e d b r i e f s t i m u l u s w a s a d d e d i n b o t h t h e c o n j u n c t i v e a n d 
t h e s e c o n d - o r d e r s c h e d u l e s ( m i d d l e p a n e l ) r a t e c h a n g e s f r o m 
t h e s e c o n d d e t e r m i n a t i o n w e r e n o t a s d r a m a t i c w h e n c o m p a r e d 
t o t h e v e r y l a r g e i n c r e a s e s f r o m t h e o r i g i n a l b a s e l i n e o v e r a l l 
r a t e s o f r e s p o n d i n g . R a t e s w e r e c o m p a r a b l e t o t h e n o - s t i m u l u s 
c o n d i t i o n s . A f t e r t h e FR 3 0 0 : S n ^ c o n d i t i o n , a n u m b e r o f t r a n ­
s i t i o n s e s s i o n s w e r e r u n w h i l e t h e r a t i o r e q u i r e m e n t w a s d e ­
c r e a s e d t o FR 3 0 : S n ^ . R e s p o n s e r a t e s s t a b i l i z e d a t t h e s a m e 
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l e v e l a s t h e i n i t i a l FR 3 0 : S n ^ c o n d i t i o n . P a i r i n g t h e b r i e f 
s t i m u l u s w i t h f o o d ( l e f t p a n e l ) p r o d u c e d i n c r e a s e s i n o v e r a l l 
r a t e s f o r b o t h t h e c o n j u n c t i v e a n d s e c o n d - o r d e r s c h e d u l e s a t 
FR 3 0 : S ^ . H o w e v e r , t h e v a r i a b i l i t y m e a s u r e s ( + o n e s t a n d a r d 
e r r o r o f t h e m e a n ) o f t h e t w o m e a s u r e s o v e r l a p p e d i n m o s t 
c a s e s . T h e m e a n v a l u e s , h o w e v e r , t e n d e d t o b e h i g h e r i n t h e 
p a i r e d c o n d i t i o n s , a s s e e n i n t h e f i g u r e s . I n g e n e r a l , i n ­
c r e a s i n g t h e s i z e o f t h e f i x e d - r a t i o r e q u i r e m e n t d e c r e a s e d 
o v e r a l l r e s p o n s e r a t e s . 
T h e m i d d l e a n d l e f t p a n e l s o f F i g u r e s 4 , 5 , a n d 6 show 
t h e m e a n q u a r t e r - l i f e v a l u e s f o r t h e n o n - p a i r e d a n d p a i r e d 
b r i e f s t i m u l u s c o n d i t i o n s . A g a i n , a s i n E x p e r i m e n t I , n o t e 
t h e i n c r e a s e d v a r i a b i l i t y a s t h e s i z e o f t h e r a t i o r e q u i r e m e n t 
w a s i n c r e a s e d , e s p e c i a l l y u n d e r t h e c o n j u n c t i v e s c h e d u l e . 
F i g u r e s 9 , 1 0 , a n d 1 1 p r e s e n t m e a n p a u s e t i m e p e r 
r e i n f o r c e r f o r e a c h b i r d . T h a t i s , t h e a v e r a g e t i m e u n t i l 
t h e f i r s t r e s p o n s e w a s e m i t t e d u n d e r t h e s e c o n d - o r d e r s c h e d u l e 
( t o p p a n e l ) a n d t h e c o n j u n c t i v e s c h e d u l e ( b o t t o m p a n e l ) . T h e 
s t i p p l e d b a r l a b e l e d I I i s t h e MULT F I 2 0 - m i n , F I 2 0 - m i n 
s c h e d u l e , t h e f i r s t c o n d i t i o n i n E x p e r i m e n t I I . T h e s i n g l e -
h a t c h e d b a r s r e p r e s e n t t h e n o n - p a i r e d b r i e f s t i m u l u s c o n d i ­
t i o n s ( S n ^ ) , a n d t h e d o u b l e - h a t c h e d b a r s , t h e p a i r e d b r i e f 
s t i m u l u s c o n d i t i o n s ( S ^ ) , u n d e r e a c h o f t h e t h r e e p a r a m e t e r 
v a l u e s ( F R 3 0 , FR 1 0 0 , F R 3 0 0 ) o f t h e r a t i o r e q u i r e m e n t . L i n e s 
i n d i c a t e o n e s t a n d a r d e r r o r o f t h e m e a n . As i n t h e n o -
s t i m u l u s c o n d i t i o n s , t h e p a u s e t i m e w a s g e n e r a l l y l e s s 
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u n d e r t h e c o n j u n c t i v e s c h e d u l e c o m p a r e d t o t h e s e c o n d - o r d e r 
s c h e d u l e . T h e e x c e p t i o n s w e r e a g a i n , P9 , a t t h e s m a l l e s t 
v a l u e o f t h e r a t i o r e q u i r e m e n t , a n d P 8 , u n d e r t h e l a r g e r 
v a l u e s o f t h e r a t i o , when t h a t b i r d b e g a n p a u s i n g t h r o u g h o u t 
t h e i n t e r v a l . 
F i g u r e s 1 3 , 1 4 , a n d 1 5 s h o w t h a t t h e i n t e r - r e i n f o r c e r 
t i m e w a s i n c r e a s e d u n d e r t h e s e c o n d - o r d e r s c h e d u l e i n b o t h 
t h e n o n - p a i r e d ( s i n g l e - h a t c h e d b a r s ) a n d t h e p a i r e d ( d o u b l e -
h a t c h e d b a r s ) s t i m u l u s c o n d i t i o n s a s t h e s i z e o f t h e u n i t 
s c h e d u l e i n c r e a s e d ( t o p p a n e l ) . On t h e o t h e r h a n d , t h e t i m e 
b e t w e e n r e i n f o r c e r s i n c r e a s e d v e r y l i t t l e u n d e r t h e c o n j u n c ­
t i v e s c h e d u l e i n e i t h e r t h e n o n - p a i r e d o r t h e p a i r e d c o n d i t i o n s . 
T h e e x c e p t i o n s w e r e a t t h e l a r g e s t v a l u e o f t h e r a t i o , when 
i n c r e a s e s w e r e o f t e n c o m p a r a b l e t o t h e s e c o n d - o r d e r s c h e d u l e . 
P a i r e d v s . N o n - p a i r e d B r i e f S t i m u l i . 
F i x e d - r a t i o p a t t e r n i n g i s c h a r a c t e r i z e d by a p a u s e 
f o l l o w e d by a s u s t a i n e d h i g h r a t e o f r e s p o n d i n g . F i g u r e 1 5 
s h o w s c u m u l a t i v e r e c o r d s f o r P 7 3 , c o m p a r i n g t h e p a i r e d v s . 
t h e n o n - p a i r e d b r i e f s t i m u l u s c o n d i t i o n s i n E x p e r i m e n t I I 
( F R 1 0 0 ) . A l t h o u g h t h e r e w a s a s l i g h t i n d i c a t i o n o f a p a u s e 
f o l l o w i n g t h e b r i e f s t i m u l u s p r e s e n t a t i o n u n d e r t h e p a i r e d 
s t i m u l u s c o n d i t i o n d u r i n g t h e s e c o n d - o r d e r s c h e d u l e ( e . g . , a t 
a , a ' , a n d a " ) , e s p e c i a l l y i n t h e t e r m i n a l s e g m e n t s o f t h e 
i n t e r v a l , p a u s e s w e r e n o t e v i d e n t f o l l o w i n g t h e b r i e f s t i m u l u s 
p r e s e n t a t i o n u n d e r t h e c o n j u n c t i v e s c h e d u l e ( e v e n t p e n i n 
up p o s i t i o n ) n o r t h e n o n - p a i r e d b r i e f s t i m u l u s c o n d i t i o n s . 
FI 20-MIN, F R I 0 O S n p 
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P 9 s h o w e d no e v i d e n c e o f f i x e d - r a t i o p a t t e r n i n g u n d e r a n y 
o f t h e b r i e f s t i m u l u s c o n d i t i o n s . I n c o n t r a s t t o P 9 , P 8 
( F i g u r e 1 6 ) s h o w e d d i s t i n c t p a u s e s u n d e r t h e p a i r e d b r i e f 
s t i m u l u s c o n d i t i o n ( b o t t o m r e c o r d ) i n t h e s e c o n d - o r d e r 
s c h e d u l e ( e v e n t p e n d o w n ) , e . g . , a t e_ a n d e ' , t h a t a r e n o t 
p r e s e n t i n e i t h e r t h e c o n j u n c t i v e s c h e d u l e c o m p o n e n t ( e v e n t 
p e n i n t h e up p o s i t i o n ) o r d u r i n g t h e n o n - p a i r e d s t i m u l u s 
c o n d i t i o n s ( t o p r e c o r d ) . T h e s e p a u s e s a c c o u n t f o r t h e l o w e r ­
e d r a t e u n d e r t h e p a i r e d c o n d i t i o n s d u r i n g t h e s e c o n d - o r d e r 
s c h e d u l e c o m p o n e n t ( s e e F i g u r e 2 ) . N o t e a l s o t h e p a t t e r n 
o f a p a u s e , t h e n a b u r s t o f r e s p o n d i n g , f o l l o w e d by a n o t h e r 
p a u s e u n d e r t h e s e c o n d - o r d e r s c h e d u l e , e . g . , a_, a n d t h e 
c o n j u n c t i v e s c h e d u l e , e . g . , a t c^. A t l a r g e r v a l u e s o f t h e 
r a t i o r e q u i r e m e n t u n d e r E x p e r i m e n t I I , t h e b i r d s w o u l d a g a i n 
s o m e t i m e s p a u s e t h e e n t i r e l e n g t h o f t h e i n t e r v a l b e f o r e 
e m i t t i n g t h e r e q u i r e d r e s p o n s e s , a s i n E x p e r i m e n t I , f o r 
e x a m p l e , a t b_ ( s e c o n d - o r d e r s c h e d u l e ) a n d d_ ( c o n j u n c t i v e 
s c h e d u l e ) . U n d e r t h e b r i e f s t i m u l u s c o n d i t i o n s , a f t e r t h e 
i n i t i a l b u r s t o f r e s p o n d i n g , i t w a s common f o r t h e b i r d s t o 
p a u s e t h r o u g h o u t t h e i n t e r v a l r a t h e r t h a n b e g i n n i n g t o 
r e s p o n d a g a i n , a s d u r i n g t h e n o - s t i m u l u s c o n d i t i o n s ( s e e , 
f o r e x a m p l e , F i g u r e s 7 a n d 8 ) . T h i s w a s p e r h a p s b e c a u s e t h e 
b r i e f s t i m u l u s s i g n a l l e d t h e c o m p l e t i o n o f t h e r e s p o n s e r e ­
q u i r e m e n t u n d e r t h e c o n j u n c t i v e s c h e d u l e . T h e b i r d w o u l d t h e n 
p a u s e l o n g e r t h a n u n d e r t h e n o - s t i m u l u s p r o c e d u r e b e f o r e 
r e - i n i t i a t i n g r e s p o n d i n g . I f t h e c o n j u n c t i v e s c h e d u l e w e r e 
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F i g u r e 1 6 . C u m u l a t i v e R e c o r d s F o r P 8 , C h o s e n F r o m E x p e r i m e n t I I . T h e Top R e c o r d 
R e p r e s e n t s T h e FR 1 0 0 : S n p C o n d i t i o n ; B o t t o m R e c o r d I s F r o m The FR 1 0 Q : S P C o n d i t i o n . 
S e e T e x t F o r D e t a i l s . 
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i n e f f e c t , t h e f i r s t r e s p o n s e w o u l d t h e n b e r e i n f o r c e d , 
a s a t j c . I f t h e s e c o n d - o r d e r s c h e d u l e w e r e i n e f f e c t , 
t h e b i r d w o u l d c o n t i n u e t o r e s p o n d u n t i l t h e r e i n f o r c e r 
d e l i v e r y , a s a t a_. 
F i g u r e 1 7 s h o w s c u m u l a t i v e r e c o r d s f o r P9 c o m p a r i n g 
a n o - s t i m u l u s c o n d i t i o n ( F R 3 0 ) a n d a b r i e f s t i m u l u s c o n ­
d i t i o n ( F R 3 0 : S n p ) . T h e s e r e c o r d s i n d i c a t e t h a t t h e p a u s e 
t i m e d e c r e a s e d u n d e r t h e b r i e f s t i m u l u s c o n d i t i o n s , s i n c e 
r e s p o n d i n g w a s i n i t i a t e d much e a r l i e r i n t h e i n t e r v a l , p e r ­
h a p s b e c a u s e r e s p o n d i n g d u r i n g t h e f i r s t s e g m e n t s o f t h e 
i n t e r v a l now h a d s o m e c o n s e q u e n c e , i . e . , a b r i e f s t i m u l u s 
p r e s e n t a t i o n . I n a d d i t i o n , P 9 ' s r e s p o n s e r a t e s w e r e s o h i g h , 
t h e b i r d s e l d o m c a m e i n c o n t a c t w i t h t h e c o n j u n c t i v e r a t i o 
r e q u i r e m e n t , a n d t h e f i x e d - r a t i o u n i t r e q u i r e m e n t i n c r e a s e d 
t h i s b i r d ' s i n t e r - r e i n f o r c e r t i m e v e r y l i t t l e . I n a d d i t i o n , 
w h e n r e s p o n d i n g w a s i n i t i a t e d e a r l y i n t h e i n t e r v a l , i t w a s 
a t a m u c h l o w e r r a t e t h a n t h i s b i r d ' s c h a r a c t e r i s t i c p a t t e r n 
o f a v e r y h i g h i n i t i a l r a t e . 
P i s c u s s i o n 
K e l l e h e r ( 1 9 6 6 b ) f o u n d w h e n t h e b r i e f s t i m u l u s ( S P ) 
w a s r e m o v e d f r o m t h e s e c o n d - o r d e r s c h e d u l e , FR n ( F R t : S P ) 
o v e r a l l r e s p o n s e r a t e s w e r e l o w e r a n d t h e w i t h i n - u n i t p a t ­
t e r n i n g d i s a p p e a r e d . I n t h e p r e s e n t e x p e r i m e n t , o v e r a l l 
r a t e s t e n d e d g e n e r a l l y t o i n c r e a s e f r o m t h e n o - s t i m u l u s 
p r o c e d u r e c o m p a r e d t o t h e f i x e d - i n t e r v a l c o n d i t i o n s . A d d ­
i n g e i t h e r a p a i r e d o r a n o n - p a i r e d b r i e f s t i m u l u s d i d n o t 
FI 20-MIN, FR30 
2 0 MIN 
F i g u r e 
FR 3 0 , 
1 7 . C u m u l a t i v e R e c o r d s F o r P 9 , C o m p a r i n g A N o - s t i m u l u s C o n d i t i o n ( T o p R e c o r d , 
E x p . I ) W i t h A B r i e f S t i m u l u s C o n d i t i o n ( B o t t o m R e c o r d , FR 3 0 : S n p , E x p . I I ) . 
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s e r v e t o i n c r e a s e r a t e f u r t h e r i n a c o n s i s t e n t m a n n e r . 
R e s p o n s e r a t e s d i d t e n d t o i n c r e a s e s l i g h t l y w h e n t h e 
b r i e f s t i m u l u s w a s p a i r e d ( F R 3 0 : S P ) b u t t h e s e i n c r e a s e s 
w e r e n o t s i g n i f i c a n t ( m o r e t h a n o n e s t a n d a r d e r r o r o f t h e 
m e a n f r o m t h e FR 3 0 : S n P c o n d i t i o n ) f o r a l l b i r d s . T h e r a t e s 
u n d e r t h e p a i r e d b r i e f s t i m u l u s p r o c e d u r e d e c r e a s e d a s t h e 
s i z e o f t h e r a t i o i n c r e a s e d . T h e o n l y b i r d t h a t s h o w e d 
d i s t i n c t p a t t e r n i n g w i t h - u n i t s w a s P 8 . One p o s s i b l e e x ­
p l a n a t i o n f o r t h e l a c k o f c h a r a c t e r i s t i c f i x e d - r a t i o p a t t e r n 
i n g s e e n i n t h e p a i r e d b r i e f s t i m u l u s c o n d i t i o n s o f s e c o n d -
o r d e r s c h e d u l e s p r e v i o u s l y s t u d i e d ( e . g . , B r a d f o r d & M a r r , 
1 9 7 6 ; K e l l e h e r , 1 9 6 6 a ; S h u l l e_t al., 1 9 7 2 ) i s a p o s s i b l e 
i n t e r a c t i o n b e t w e e n t h e t w o c o m p o n e n t s o f t h e m u l t i p l e 
s c h e d u l e . U n d e r t h e c o n j u n c t i v e s c h e d u l e , t h e l a s t r a t i o t o 
b e c o m p l e t e d w a s a l w a y s v a r i a b l e . A v a r i a b l e r a t i o e n g e n ­
d e r s a c o n s t a n t r a t e o f r e s p o n d i n g . T h i s s u g g e s t i o n i s 
s u p p o r t e d by a c a r e f u l e x a m i n a t i o n o f t h e c u m u l a t i v e r e c o r d s 
O n c e t h e b r i e f s t i m u l u s h a d b e e n p a i r e d w i t h f o o d , p a u s e s 
a f t e r t h e b r i e f s t i m u l u s p r e s e n t a t i o n s w i t h i n t h e u n i t 
s c h e d u l e s w o u l d a p p e a r a n d d i s a p p e a r d u r i n g t h e c o u r s e 
o f a s e s s i o n . T h e p a u s e s i n t h e c o n j u n c t i v e s c h e d u l e w o u l d 
a p p e a r a t v a r i o u s t i m e s d u r i n g t h e e x e c u t i o n o f a r a t i o , 
b u t r a r e l y i m m e d i a t e l y f o l l o w i n g t h e b r i e f s t i m u l u s . T h e s e 
f i n d i n g s s u p p o r t S t u b b s ' ( 1 9 7 1 ) h y p o t h e s i s t h a t t h e b r i e f 
s t i m u l u s i s s e r v i n g a d i s c r i m i n a t i v e s t i m u l u s f u n c t i o n i n 
s e c o n d - o r d e r s c h e d u l e s . S t u b b s ( 1 9 7 1 ) s u g g e s t e d t h a t w h e n 
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f i x e d u n i t s c h e d u l e s ( e . g . , F I o r F R ) a r e u s e d , t h e r e i s 
a f i x e d p e r i o d o f t i m e b e t w e e n t h e o c c u r r e n c e o f t h e l a s t 
b r i e f s t i m u l u s a n d f o o d p r e s e n t a t i o n , a n d t h u s , t h e s t i m u l i 
a c q u i r e p r o p e r t i e s . D u r i n g t h e f i r s t p a r t o f t h e 
c o m p o n e n t , f o o d i s n e v e r p r e s e n t e d , s o t h e p i g e o n p a u s e d 
b e f o r e r e s p o n d i n g . S i n c e t h e r e l a t i o n s h i p b e t w e e n t h e 
b r i e f s t i m u l i p r e s e n t a t i o n s a n d t h e b r i e f s t i m u l u s a n d f o o d 
w a s f i x e d , a p a u s e may o c c u r r i g h t a f t e r t h e b r i e f s t i m u l u s , 
s i n c e f o o d w i l l n e v e r b e p r e s e n t e d . On t h e o t h e r h a n d , t h e 
r e l a t i o n s h i p b e t w e e n t h e l a s t b r i e f s t i m u l u s p r e s e n t a t i o n 
a n d f o o d u n d e r t h e c o n j u n c t i v e s c h e d u l e i s v a r i a b l e , t h u s 
a c o n s t a n t r a t e w o u l d b e e x p e c t e d . Any f i x e d - r a t i o p a t t e r n ­
i n g f o u n d t h e p r e s e n t e x p e r i m e n t o c c u r r e d u n d e r t h e 
p a i r e d b r i e f s t i m u l u s c o n d i t i o n s d u r i n g t h e s e c o n d - o r d e r 
s c h e d u l e . An i n t e r a c t i o n b e t w e e n t h e t w o c o m p o n e n t s m i g h t 
h a v e r e s u l t e d i n t h e d e v e l o p m e n t o f p a u s e s a t v a r i o u s 
t i m e s d u r i n g t h e c o n j u n c t i v e s c h e d u l e , a n d / o r t h e l a c k o f 
s u c h d i s c r i m i n a t i v e c o n t r o l d u r i n g t h e s e c o n d - o r d e r 
s c h e d u l e , a h y p o t h e s i s c o n s i s t e n t w i t h t h e p r e s e n t f i n d ­
i n g s . S i n c e t h e b r i e f s t i m u l u s , an a m b e r k e y l i g h t , w a s 
t h e s a m e f o r b o t h s c h e d u l e c o m p o n e n t s , s u c h a n i n t e r a c t i o n 
w a s p o s s i b l e . 
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CHAPTER IV 
EXPERIMENT I I I : THE UNIT AS AN OPERANT 
I n t r o d u c t i o n 
R e g a r d l e s s o f t h e r o l e a s s i g n e d t o b r i e f s t i m u l i in v a r i o u s e x p e r ­
i m e n t s , i n v e s t i g a t o r s have found t h a t t h e u n i t s c h e d u l e p e r f o r m a n c e under 
a s e c o n d - o r d e r s c h e d u l e may be e x e c u t e d in t h e same manner a s a s i n g l e 
"s imple" r e s p o n s e . Under t h e s e c o n d - o r d e r s c h e d u l e F I t ( F R n : S ) i t has 
been d e t e r m i n e d t h a t few f i x e d r a t i o s a r e e m i t t e d a t t h e beg inn ing of 
t h e i n t e r v a l , w i t h the number i n c r e a s i n g u n t i l r e i n f o r c e r d e l i v e r y ( B r a d f o r d 
& M a r r , 1 9 7 6 ; B y r d , 1 9 7 2 ; K e l l e h e r , 1 9 6 6 A ; S h u l l e t a l . , 1 9 7 2 ) . C o n s e q u e n t l y , 
t h e o v e r a l l t e m p o r a l d i s t r i b u t i o n o f r e s p o n s e s may be s i m i l a r when r e i n f o r c e d 
under a f i x e d - i n t e r v a l s c h e d u l e , whether t h e r e q u i r e d r e s p o n s e i s a s i n g l e 
r e s p o n s e o r a f i x e d - r a t i o u n i t c o m p r i s e d of s e v e r a l such r e s p o n s e s . 
The p r e v i o u s e x p e r i m e n t s were d e s i g n e d t o e s t a b l i s h t h e r o l e o f 
r e s p o n s e - r e i n f o r c e r t e m p o r a l c o n t i g u i t y as w e l l a s t h e e f f e c t o f b r i e f 
s t i m u l i upon p e r f o r m a n c e under t h e s e complex s c h e d u l e s of r e i n f o r c e m e n t . 
Another p o s s i b i l i t y i s t h a t t h e f i x e d - r a t i o p e r f o r m a n c e i s be ing e m i t t e d 
as i f i t were a s i n g l e r e s p o n s e . In o t h e r w o r d s , t h e u n i t o f a n a l y s i s 
in a s e c o n d - o r d e r s c h e d u l e may compr i se t h e e n t i r e u n i t s c h e d u l e p e r f o r m a n c e . 
O p e r a t i o n a l l y , t h e u n i t s c h e d u l e p e r f o r m a n c e i s the o p e r a n t , s i n c e t h e 
r e i n f o r c e r depends n o t upon a s i n g l e keypeck but t h e e x e c u t i o n o f a number 
o f key p e c k s . The q u e s t i o n which m e r i t s s tudy i s whether o r no t t h e u n i t 
s c h e d u l e p e r f o r m a n c e i s f u n c t i o n a l l y t h e o p e r a n t . F o r e x a m p l e , in s t u d i e s 
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w i t h t h e s e c o n d - o r d e r s c h e d u l e F I t ( F R n) B r a d f o r d & M a r r , 1 9 7 6 ; K e l l e h e r , 
1 9 6 6 a ; S h u l l , e t a l . , 1 9 7 2 ) , an i n d i c a t i o n t h a t t h e f i x e d - r a t i o u n i t was 
be ing e x e c u t e d as a s i n g l e r e s p o n s e was t h a t t h e r a t i o had u n i t a r y p r o ­
p e r t i e s . That i s , once t h e r a t i o had begun, r e spond ing was comple ted w i t h ­
out p a u s i n g , p r o d u c i n g w i t h i n - u n i t f i x e d - r a t i o p a t t e r n i n g . Another i n d i c a ­
t i o n was t h a t t h e r a t i o s were d i s t r i b u t e d o v e r t h e i n t e r v a l in t h e same 
t e m p o r a l p a t t e r n as a s i n g l e r e s p o n s e . The pause f o l l o w e d by i n c r e a s e d 
r e s p o n d i n g was s t i l l e v i d e n t under t h e s e c o n d - o r d e r s c h e d u l e , i . e . , few 
f i x e d r a t i o s were e m i t t e d a t t h e beg inn ing o f t h e i n t e r v a l w i th t h e number 
i n c r e a s i n g u n t i l r e i n f o r c e r d e l i v e r y ( B r a d f o r d & M a r r , 1 9 7 6 ; K e l l e h e r , 1 9 6 6 a 
S h u l l e t a l . , 1 9 7 2 ) . 
G o a l s . 
I f t h e a n a l o g y between a s i n g l e keypeck under a f i x e d - i n t e r v a l 
and t h e f i x e d - r a t i o u n i t under a s e c o n d - o r d e r f i x e d - i n t e r v a l i s v a l i d , then 
i t i s p o s s i b l e t h a t g r e a t e r o v e r a l l r e s p o n s e r e q u i r e m e n t s may be main­
t a i n e d under t h e l a t t e r s c h e d u l e by r e q u i r i n g more than one f i x e d - r a t i o 
u n i t t o be e m i t t e d . That i s , a c o n j u n c t i v e s c h e d u l e r e q u i r e m e n t can be 
added t o t h e s e c o n d - o r d e r s c h e d u l e . A c o n j u n c t i v e SO F I 2 0 - m i n ( F R n : S P ) 
FR n s c h e d u l e s p e c i f i e s t h a t t h e p e r f o r m a n c e engendered by a f i x e d - r a t i o 
o f s i z e n w i l l t e r m i n a t e in a p a i r e d b r i e f s t i m u l u s ( S P ) , and the f i r s t 
f i x e d - r a t i o o f s i z e n w i l l be r e i n f o r c e d a f t e r t h e i n t e r v a l h a s e l a p s e d 
o n l y i f N - l o f t h e s e r a t i o s h a s been comple ted p r i o r t o t h e end of t h e 
i n t e r v a l . So , i f N = 2 , then a t l e a s t one o f t h e f i x e d r a t i o s must be 
e x e c u t e d b e f o r e t h e end of t h e i n t e r v a l in o r d e r f o r t h e f i r s t f i x e d 
r a t i o comple ted a f t e r t h e end of t h e i n t e r v a l t o be r e i n f o r c e d . Thus , 
i f t h e a n a l o g y between a s i n g l e r e s p o n s e r e q u i r e m e n t under a f i x e d i n t e r v a l 
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and t h e u n i t s c h e d u l e r e q u i r e m e n t under a s e c o n d - o r d e r f i x e d - i n t e r v a l 
s c h e d u l e i s v a l i d , then t h e number o f i n d i v i d u a l keypecks m a i n t a i n e d under 
t h e c o n j u n c t i v e s e c o n d - o r d e r s c h e d u l e in Exper iment I I I should be g r e a t e r 
then t h e number o f r e s p o n s e s m a i n t a i n e d w i t h a s e c o n d - o r d e r s c h e d u l e F I 
2 0 - m i n ( F R n : S ) . However, from p e r f o r m a n c e s engendered by c o n j u n c t i v e 
s c h e d u l e s in p r e v i o u s e x p e r i m e n t s ( H e r r n s t e i n & Morse , 1 9 5 8 ; B a r r e t t , 1 9 7 5 ) , 
we know t h e r e i s a l i m i t a t i o n on the number o f r e s p o n s e s which can be 
r e q u i r e d under an i n t e r v a l s c h e d u l e . I f we assume t h i s i s t h e c a s e r e ­
g a r d l e s s o f t h e r e i n f o r c e d o p e r a n t , whe ther i t i s a s i n g l e keypeck o r 
a r a t i o u n i t , then a s the number o f f i x e d r a t i o s r e q u i r e d i n c r e a s e s , t h e r e 
should be s i m i l a r e f f e c t s on r a t e s and p a t t e r n s of r e spond ing a s in an 
o r d i n a r y c o n j u n c t i v e F I t FR n. F o r i n s t a n c e , H e r r n s t e i n and Morse ( 1 9 5 8 ) 
and B a r r e t t ( 1 9 7 5 ) s t u d i e d a c o n j u n c t i v e F I t FR n s c h e d u l e and found 
t h a t t h e p a t t e r n o f r e spond ing was a l t e r e d in a c o n s i s t e n t manner, i . e . , 
t h e r e was a b u r s t o f r e spond ing which a p p r o x i m a t e d t h e s i z e o f t h e r a t i o 
r e q u i r e m e n t i n i t i a t e d a f t e r t h e p a u s e , fo l lowed by d e c r e a s e d re spond ing 
u n t i l t h e n e x t r e i n f o r c e r d e l i v e r y . Thus , t h e o v e r a l l p a t t e r n o f t h e 
s e c o n d - o r d e r f i x e d - i n t e r v a l s c h e d u l e should be a l t e r e d in a manner s i m i l a r 
t o t h e s i m p l e f i x e d - i n t e r v a l when a c o n j u n c t i v e r a t i o r e q u i r e m e n t i s added. 
H^: Adding a c o n j u n c t i v e r a t i o r e q u i r e m e n t t o a s e c o n d - o r d e r s c h e ­
du le w i l l a f f e c t r a t e s and p a t t e r n s o f r e s p o n d i n g in a s i m i l a r manner as 
a f i x e d - i n t e r v a l s c h e d u l e when a c o n j u n c t i v e r a t i o r e q u i r e m e n t i s added. 
Method 
Subj e c t s . 
The s u b j e c t s f o r E x p e r i m e n t I I I were t h r e e White Carneaux p i g e o n s , 
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m a i n t a i n e d a t 80% o f t h e i r f r e e f e e d i n g w e i g h t . A l l b i r d s had p r e v i o u s 
e x p e r i m e n t a l h i s t o r i e s , i n c l u d i n g e x t e n s i v e t r a i n i n g under a s e c o n d - o r d e r 
s c h e d u l e , F I 2 0 - m i n ( F R n : S ) . 
A p p a r a t u s . 
The e x p e r i m e n t a l chamber f o r Exper iment I I I was a G r a y s o n - S t a d l e r 
s i n g l e - k e y u n i t ( F e r s t e r & S k i n n e r , 1 9 5 7 ) . The r e s p o n s e key , 2 . 0 cm 
in d i a m e t e r , c o u l d be o p e r a t e d wi th a minimum f o r c e o f 0 . 1 8 N and c o u l d 
be t r a n s i l l u m i n a t e d from t h e r e a r by e i t h e r a r e d o r w h i t e GE 10C7D 
120VAC l i g h t . The food magaz ine a p e r t u r e was 5 . 1 cm x 4 . 4 cm l o c a t e d 
1 3 . 5 cm below t h e c e n t e r key and was i l l u m i n a t e d by a w h i t e GE 10C7D 
120VAC l i g h t dur ing t h e f e e d e r c y c l e . A w h i t e GE 10C7D 120VAC chamber 
lamp was mounted behind a t r a n s l u c e n t s c r e e n on t h e key p a n e l and was 
o p e r a t i v e d u r i n g t h e f e e d e r c y c l e . 
P r o c e d u r e . 
Responding was i n i t i a l l y m a i n t a i n e d under an F I 20-min s c h e d u l e . 
The s c h e d u l e was then changed t o a s e c o n d - o r d e r s c h e d u l e , so t h a t each 
f i x e d - r a t i o u n i t (n ) comple ted produced a p a i r e d b r i e f s t i m u l u s ( S P ) , a 
change in t h e key l i g h t c o l o r from r e d t o w h i t e f o r 0 . 7 5 s e c o n d s . The 
f i r s t f i x e d - r a t i o o f s i z e n begun and comple ted a f t e r 20 m i n u t e s was 
r e i n f o r c e d w i t h 10 s e c o n d s a c c e s s t o mixed g r a i n : SO F I 2 0 - m i n ( F R n : S P ) . 
O v e r a l l r a t e s o f r e s p o n d i n g , q u a r t e r - l i f e v a l u e s , and c u m u l a t i v e r e c o r d s 
s e r v e d a s p e r f o r m a n c e m e a s u r e s . C o n d i t i o n s were in e f f e c t u n t i l r e s p o n d ­
ing had s t a b i l i z e d , judged from t h e c u m u l a t i v e r e c o r d s . T a b l e I shows 
t h e c o n d i t i o n s f o r Exper iment I I I . Once re spond ing had s t a b i l i z e d under 
t h e s e c o n d - o r d e r s c h e d u l e w i t h a u n i t s c h e d u l e , FR 3 Q : S P , a c o n j u n c t i v e 
r a t i o r e q u i r e m e n t was added t o t h e s e c o n d - o r d e r s c h e d u l e : CONJ F I 20-min 
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(FR 3 Q : S H ) FR N. The v a l u e o f N was i n c r e a s e d on a l o g a r i t h m i c s c a l e 
( i . e . , 3 , 6 , . 0 , 1 7 , 30 e t c . ) u n t i l a d i s r u p t i o n in t h e p a t t e r n and a 
d e c r e a s e in r e s p o n s e r a t e s were s e e n . The same p r o c e d u r e was fo l lowed 
f o r a f i x e d - r a t i o u n i t o f 1 0 0 (FR 1 0 0 : S P ) w i t h t h e added c o n j u n c t i v e 
r a t i o v a l u e o f 2 (FR 2 ) . 
R e s u l t s 
F i g u r e s 1 8 , 19 and 20 show a v e r a g e r a t e s o f re sponding f o r P 7 0 , 
P 2 8 7 , and P 2 8 9 , r e s p e c t i v e l y , under a l l c o n d i t i o n s in Exper iment I I I . 
In t h e s e f i g u r e s an open c i r c l e r e p r e s e n t s t h e mean d a t a from t h e f i x e d -
4-
i n t e r v a l s c h e d u l e ; t h e b a r s i n d i c a t e - one s t a n d a r d of t h e mean. Open 
t r i a n g l e s r e p r e s e n t t h e s e c o n d - o r d e r s c h e d u l e w i th t h e u n i t s c h e d u l e o f 
FR 3 0 : S P , and i t s a s s o c i a t e d c o n j u n c t i v e s c h e d u l e r e q u i r e m e n t s . S i n c e 
t h e F I 2Q-minute s c h e d u l e was a lways in e f f e c t , o n l y t h e c o n j u n c t i v e 
r a t i o r e q u i r e m e n t and t h e u n i t r e q u i r e m e n t w i l l be r e f e r r e d t o s u b s e q u e n t l y . 
The u n i t r a t i o r e q u i r e m e n t w i l l a lways be in p a r e n t h e s i s . F o r t h e two 
m o d e r a t e - r a t e b i r d s , P70 and P287 ( a b o u t 0 . 6 r e s p o n s e s / s e c o n d under c o n t r o l 
c o n d i t i o n s ) changing t h e F I 2 0 - m i n u t e s c h e d u l e t o a s e c o n d - o r d e r s c h e d u l e 
F I 20-min (FR n : S P ) had t h e e f f e c t o f i n c r e a s i n g o v e r a l l r e s p o n s e r a t e s . 
F o r both t h e s e b i r d s , t h e c o n j u n c t i v e r a t i o r e q u i r e m e n t m a i n t a i n e d high 
r a t e s o f r e s p o n d i n g , u n t i l t h e l a r g e s t v a l u e o f t h i s r e q u i r e m e n t . Note 
t h e drop i n o v e r a l l r e s p o n s e r a t e s f o r t h e s e b i r d s a t ( F R 3 0 : S P ) F R 6 and 
then t h e subsequent i n c r e a s e in r a t e s u n t i l t h e h i g h e s t v a l u e o f t h e c o n ­
j u n c t i v e r a t i o r e q u i r e m e n t , ( F R 3 0 : S P ) F R 3 0 , a t which t ime r a t e a g a i n 
d e c r e a s e d t o t h e i r l o w e s t v a l u e under t h e c o n j u n c t i v e s e c o n d - o r d e r s c h e d u l e 
s e q u e n c e s . 
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CONJUNCTIVE RATIO REQUIREMENT 
Figure 18. Mean Overall Rates For P70 As A Function Of Schedule Condition. 
Circles Represent The FI 20-Min Condition; Open Triangles Are The SO FI 20-Min 
(FR 30:S P) Condition And Associated Conjunctive Ratio Requirements. Hexagons 
Indicate The SO FI 20-Min(FR 100:SP) Condition And Associated Conjunctive Ratio 
Requirements. Lines Indicate One Standard Error Of The Mean. 
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CONJUNCTIVE RATIO REQUIREMENT 
Figure 19. Mean Overall Rates For P287. S e e " F i g u r e 18 For Details. 
Figure 20. Mean Overall Rates For P289. See Figure 18 For Details. 
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F o r P 2 8 9 , a h i g h - r a t e b i r d ( a b o u t 1 . 0 r e s p o n s e / s e c o n d ) changing 
t h e s c h e d u l e t o a s e c o n d - o r d e r s c h e d u l e d e c r e a s e d r e s p o n s e r a t e s . Adding 
a c o n j u n c t i v e s c h e d u l e r e q u i r e m e n t had t h e e f f e c t o f f i r s t s l i g h t l y i n ­
c r e a s i n g then d e c r e a s i n g o v e r a l l r e s p o n s e r a t e s a s t h e c o n j u n c t i v e r e q u i r e ­
ment was f u r t h e r i n c r e a s e d . 
O v e r a l l r a t e s f o r t h e s e c o n d - o r d e r s c h e d u l e w i t h t h e u n i t s c h e d u l e 
r e q u i r e m e n t o f FR 1 0 0 : S P m a i n t a i n e d lower r a t e s than t h e p r e v i o u s u n i t 
s c h e d u l e (FR 3 0 : S P ) f o r a l l t h r e e b i r d s . However, f o r P70 and P 2 8 7 , o v e r a l l 
r a t e s remained above t h o s e o f t h e f i x e d - i n t e r v a l s c h e d u l e . Changes in 
r a t e s when t h e c o n j u n c t i v e r a t i o r e q u i r e m e n t was added under t h i s s c h e d u l e 
p a r a l l e l e d t h a t o f t h e f i r s t p r o c e d u r e . That i s , f o r P70 and P 2 8 9 , impos­
ing a c o n j u n c t i v e r a t i o r e q u i r e m e n t i n i t i a l l y i n c r e a s e d , then d e c r e a s e d 
r e s p o n s e r a t e s . F o r P 2 8 7 , t h e c o n j u n c t i v e r a t i o r e q u i r e m e n t f i r s t d e c r e a s e d , 
then i n c r e a s e d r a t e s , and a t t h e h i g h e s t v a l u e s , a g a i n d e c r e a s e d o v e r a l l 
r e s p o n s e r a t e s . 
F i g u r e s 2 1 , 2 2 , and 23 show a v e r a g e q u a r t e r - l i f e v a l u e s f o r P 7 0 , 
P287 and P 2 8 9 , r e s p e c t i v e l y , f o r a l l c o n d i t i o n s under E x p e r i m e n t I I I . In 
g e n e r a l , chang ing t h e s c h e d u l e t o a s e c o n d - o r d e r s c h e d u l e d e c r e a s e d t h e 
v a r i a b i l i t y of t h e q u a r t e r - l i f e v a l u e f o r a l l t h r e e b i r d s . Imposing l a r g e r 
and l a r g e r c o n j u n c t i v e r a t i o r e q u i r e m e n t s had t h e e f f e c t o f i n c r e a s i n g 
v a r i a b i l i t y o f t h e measures as t h e r a t i o r e q u i r e m e n t i n c r e a s e d . In g e n e r a l , 
f o r a l l t h r e e b i r d s , an i n c r e a s i n g c o n j u n c t i v e r a t i o r e q u i r e m e n t f i r s t 
i n c r e a s e d , then d e c r e a s e d q u a r t e r - l i f e v a l u e s . At t h e l a r g e s t v a l u e s o f 
a c o n j u n c t i v e r a t i o r e q u i r e m e n t under e a c h p r o c e d u r e ( u n i t s c h e d u l e FR 30 
o r u n i t s c h e d u l e FR 1 0 0 ) , q u a r t e r - l i f e v a l u e s g r e a t l y i n c r e a s e d . 
F i g u r e s 2 4 , 2 5 , and 26 ( P 7 0 , P 2 8 7 , and P 2 8 9 , r e s p e c t i v e l y ) i n d i c a t e 
P70 
to t 
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Figure 21. Mean Quarter-Life Values For P70 As A Function Of Schedule Condition. 
Circles Represent The FI 20-Min Condition; Open Triangles Are The SO FI 20-Min 
(FR 30:S^) Condition And Associated Conjunctive Ratio Requirements. Hexagons 
Indicate the SO FI 20-Min(FR 100:S^) Condition And Associated Conjunctive Ratio 
Requirements. Lines Indicate One Standard Error Of The Mean. 
P287 
CONJUNCTIVE RATIO REQUIREMENT 
Figure 22. Mean Quarter-Life Values For P287. See Figure 21 For Details. 
CONJUNCTIVE RATIO REQUIREMENT 
Figure 23. Mean Quarter-Life Values For P289. See Figure 21 For Details. 
Figure 24. Mean Pause Time Per Reinforcer For P70. The Stippled Bar Is The 
FI 20-Min Condition; The White Bars Are The SO FI 20-Min(FR 30:S P) Condition 
And Associated Conjunctive Ratio Requirements. Single Hatched Bars Are The 
SO FI 20-Min(FR 100:SP) Condition And Associated Conjunctive Ratio Requirements. 
Lines Indicate One Standard Error Of The Mean. 
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Figure 25. Mean Pause Time Per Reinforcer For P287. 
/ 7 3o 
See Figure 24 For Details. -J 
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Figure 26. Mean Pause Time Per Reinforcer For P289. See Figure 24 For Details. 
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t h e a v e r a g e pause t ime p e r r e i n f o r c e r , The s t i p p l e d b a r s i n d i c a t e t h e 
f i x e d - i n t e r v a l s c h e d u l e ; t h e w h i t e b a r s r e p r e s e n t t h e s e c o n d - o r d e r s c h e d u l e 
w i th the u n i t s c h e d u l e , F R 3 0 ; and t h e s i n g l e h a t c h e d b a r s r e p r e s e n t t h e 
c o n d i t i o n s w i th t h e u n i t s c h e d u l e r e q u i r e m e n t , FR 1 0 0 , t h e l i n e s through 
t h e b a r s i n d i c a t e one s t a n d a r d e r r o r o f t h e mean. A l l measures were d e r i v e d 
from t h e c u m u l a t i v e r e c o r d s from t h e l a s t t h r e e days of a c o n d i t i o n . Under 
t h e F I 2 0 - m i n u t e s c h e d u l e , a l l t h r e e b i r d s were paus ing f o r about o n e - t h i r d 
o f t h e 2 0 - m i n u t e i n t e r v a l (about 400 s e c o n d s ) . Under t h e s e c o n d - o r d e r 
s c h e d u l e , t h e pause i n c r e a s e d s l i g h t l y f o r a l l b i r d s , e x c e p t P70 a t t h e 
F I 2 0 - m i n ( F R 3 0 : S P ) c o n d i t i o n . T h e r e a f t e r , t h e c o n j u n c t i v e r a t i o r e q u i r e ­
ment had t h e e f f e c t of g e n e r a l l y d e c r e a s i n g t h e a v e r a g e pause t ime u n t i l 
t h e l a r g e r v a l u e s of t h e c o n j u n c t i v e r a t i o r e q u i r e m e n t . The r a n g e o f 
v a l u e s f o r P70 under t h e (FR 3 0 : S P ) FR 6 c o n d i t i o n was l a r g e , t h e r e were 
i n s t a n c e s when P70 paused f o r v e r y long i n t e r v a l s , e x p l a i n i n g t h e drop 
in o v e r a l l r a t e s under t h a t c o n d i t i o n seen in F i g u r e 1 8 . A l s o n o t e t h e 
a v e r a g e pause t ime i n c r e a s e d f o r P287 under t h e same c o n d i t i o n ( F i g u r e 2 5 ) , 
t h e r e b y e x p l a i n i n g t h e d e c r e a s e in r a t e s f o r t h i s b i r d under t h a t c o n d i t i o n , 
s een in F i g u r e 1 9 . At t h e l a r g e s t v a l u e of t h e c o n j u n c t i v e r a t i o r e q u i r e ­
ment , t h e b i r d s paused f o r about 37 minutes ( P 7 0 , P 2 8 9 ) o r 80 minutes ( P 2 8 7 ) 
dur ing a s i n g l e i n t e r v a l . 
The a v e r a g e i n t e r r e i n f o r c e r t i m e , i . e . , t h e i n t e r v a l between food 
d e l i v e r i e s , can be seen in F i g u r e s 27 ( P 7 0 ) , F i g u r e 2 8 ( P 2 8 7 ) and F i g u r e 
29 ( P 2 8 9 ) . A g a i n , changing t h e f i x e d - i n t e r v a l s c h e d u l e t o a s e c o n d - o r d e r 
s c h e d u l e had t h e e f f e c t of i n c r e a s i n g t h e i n t e r r e i n f o r c e r t i m e in p r o p o r ­
t i o n t o t h e u n i t s c h e d u l e r e q u i r e m e n t . T h e r e a f t e r , adding a c o n j u n c t i v e 
r a t i o r e q u i r e m e n t s e r v e d t o f u r t h e r i n c r e a s e t h e a v e r a g e i n t e r r e i n f o r c e r 
P70 
Figure 27. Mean Interreinforcer Time For P70. The Stippled Bar Is The FI 20-
Min Condition; The White Bqrs Are The SO FI 20-Min(FR 30:S P) Condition And 
Associated Conjunctive Ratio Requirements. Single-Hatched Bars Are The 
SO FI 20-Min(FR 100:SP) Condition And Associated Conjunctive Ratio Requirements 
Lines Indicate One Standard Error Of The Mean. 
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igure 28. Mean Interreinforcer Time For P287. See Figure 27 For Details. 
Figure 29. Mean Interreinforcer Time For P289. See Figure 27 For Details. 
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i n t e r v a l a s t h e r a t i o was i n c r e a s e d under t h e c o n j u n c t i v e r e q u i r e m e n t . 
There was a c o n s i d e r a b l e i n c r e a s e under t h e l a r g e s t v a l u e s o f t h e c o n ­
j u n c t i v e r e s p o n s e r e q u i r e m e n t . F o r e x a m p l e , under t h e s c h e d u l e (FR 3 0 : S P ) 
FR 30 on t h e a v e r a g e , P70 and P289 t o o k about 4 5 minutes t o comple te t h e 
i n t e r v a l r e q u i r e m e n t s . The e n t i r e s e s s i o n f o r t h e s e two b i r d s would t a k e 
from about 6 t o 8 h o u r s , compared t o about 3 . 5 h o u r s under t h e s e c o n d -
o r d e r s c h e d u l e w i t h o u t a c o n j u n c t i v e r a t i o r e q u i r e m e n t . 
F i g u r e 30 p r e s e n t s c u m u l a t i v e r e c o r d s f o r P287 chosen from t h e l a s t 
t h r e e days o f t h e FR 3 0 : S P u n i t c o n d i t i o n s . P a n e l 1 i s from t h e s imple 
f i x e d - i n t e r v a l s c h e d u l e ; 2 r e p r e s e n t s t h e F I 2 0 - m i n ( F R 3 0 : S P ) c o n d i t i o n ; 
3 i s from t h e (FR 3 0 : S P ) FR 3 c o n d i t i o n , p a n e l 4 , (FR 3 0 : S P ) FR 6 ; p a n e l 
5 i s from t h e (FR 3 0 : S P ) FR 10 c o n d i t i o n ; p a n e l 6 r e p r e s e n t s t h e (FR 3 0 : 
S P ) F R 1 7 c o n d i t i o n , and p a n e l 7 i s t aken from t h e (FR 3 0 : S P ) FR 30 c o n d i ­
t i o n . In comparing t h e f i x e d - i n t e r v a l s c h e d u l e w i t h t h e s e c o n d - o r d e r 
s c h e d u l e ( p a n e l 1 and p a n e l 2 ) , t h e p a u s e i n c r e a s e d shomwhat in t h e l a t t e r , 
but t h e t r a n s i t i o n t o a h i g h e r r a t e i s a l s o e v i d e n t . Once t h e c o n j u n c t i v e 
r a t i o r e q u i r e m e n t was added, t h e i n i t i a l pause tended t o d e c r e a s e ( e . g . , 
a t a. ,a^ f , and a_*1), but t h e r e was o f t e n a second pause f o l l o w i n g t h e i n i t i a l 
b u r s t o f r e s p o n d i n g , e . g . , a t b_, b_', and b_f 1 . However, t h e r e were a l s o 
i n s t a n c e s o f i n t e r v a l s which c l o s e l y re sembled t h e s t a n d a r d s e c o n d - o r d e r 
s c h e d u l e , e . g . , j2. F i n a l l y , a t l a r g e r v a l u e s o f t h e c o n j u n c t i v e r a t i o 
r e q u i r e m e n t , t h e b i r d s would o f t e n pause t h e e n t i r e l e n g t h o f t h e i n t e r v a l 
b e f o r e r e s p o n d i n g , e . g . , d^ , and would c o m p l e t e t h e e n t i r e c o n j u n c t i v e 
r a t i o r e q u i r e m e n t a f t e r t h e i n t e r v a l e l a p s e d . These i n s t a n c e s o c c u r r e d 
a t lower c o n j u n c t i v e r a t i o r a l u e s f o r P70 and P 2 8 9 . A l l t h r e e o f t h e s e 





Figure 30. Cumulative Records For P287 From Each Condition 
Of Procedure 1, Experiment III: (1) FI 20-Min, (2) SO: 
FI 20-min(FR 30:S P), (3) CONJ SO FI 20-Min(FR 30:SP)FR 3 
(4) CONJ SO FI 20-Min(FR 30:SP)FR 6, (5) CONJ SO FI 20-Min 
(FR 30:SP) FR 10, (6) CONJ SO FI 20-Min(FR 30:SP)FR 17, 
(7) CONJ SO FI 20-Min(FR 30:SP) FR 30. 
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F i g u r e 3 0 . C o n t i n u e d . 
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i n t e r v a l p a t t e r n , and t h e pause t h r o u g h - o u t t h e i n t e r v a l added t o t h e 
v a r i a b i l i t y found in t h e a v e r a g e measures t a k e n , such a s pause t i m e , t h e 
i n t e r r e i n f o r c e r t i m e , and t h e q u a r t e r - l i f e v a l u e s . Note a l s o t h a t when 
r e s p o n d i n g was a g a i n i n i t i a t e d a f t e r t h e second pause in an i n t e r v a l , i t 
was u s u a l l y a t a v e r y high r a t e , p e r h a p s b e c a u s e o f t h e r a t e - e n h a n c i n g 
e f f e c t s of a s t i m u l u s pa ired w i t h f o o d , t h e e f f e c t o f food i t s e l f , o r t h e 
r e i n f o r c e m e n t o f s h o r t IRTs under t h e u n i t s c h e d u l e . 
F i g u r e 3 1 p r e s e n t s c u m u l a t i v e r e c o r d s f o r P70 during t h e second 
p r o c e d u r e ( u n i t s c h e d u l e , FR 1 0 0 ) under Exper iment I I I . The top r e c o r d 
i s from t h e s t a n d a r d s e c o n d - o r d e r s c h e d u l e : So F I 20-min (FR 1 0 0 S P ) , t h e 
second row p r e s e n t s adding a c o n j u n c t i v e FR 2 r e q u i r e m e n t , t h e t h i r d , 
c o n j u n c t i v e FR 3 , and f o u r t h , c o n j u n c t i v e FR 6 . In the (FR 100 S P ) FR 2 
c o n d i t i o n s . By t h e (FR 100 S p ) FR 6 c o n d i t i o n , t h i s b i r d was paus ing 
t h e e n t i r e l e n g t h o f t h e i n t e r v a l during s e v e r a l segments ( e . g . , a t b) . 
F i x e d - i n t e r v a l s c h e d u l e s d e m o n s t r a t e r e g e n e r a t i v e p r o p e r t i e s . That 
i s , when t h e o r g a n i s m pauses dur ing much o f t h e i n t e r v a l so t h a t t h e r e i n ­
f o r c e m e n t p r o b a b i l i t y p e r r e s p o n s e i s h i g h , t h i s can s e r v e t o s t r e n g t h e n 
r e s p o n d i n g so t h a t in s u c c e e d i n g i n t e r v a l s more r e s p o n s e s may be e m i t t e d . 
However, t h e r e s u l t o f t h i s i n c r e a s e d re spond ing means now t h a t t h e r e i n ­
f o r c e m e n t p r o b a b i l i t y p e r r e s p o n s e i s low, weakening r e s p o n d i n g , and so on . 
F i g u r e 32 p r e s e n t s c u m u l a t i v e r e c o r d s from a l l t h r e e b i r d s d e m o n s t r a t i n g 
t h i s phenomenon under v a r i o u s c o n d i t i o n s . The t o p r e c o r d i s from t h e 
f i x e d - i n t e r v a l s c h e d u l e ( P 2 8 7 ) , f o l l o w e d by a c o n j u n c t i v e s e c o n d - o r d e r 
s c h e d u l e (FR 3 0 : S P ) F r 10 ( P 7 0 ) , then (FR 3 0 : S P ) FR 10 ( P 2 8 9 ) . F i n a l l y , 
t h e bot tom r e c o r d i s from t h e (FR 1 0 0 : S P ) FR 2 c o n d i t i o n ( P 2 8 7 ) . Note 
a t ji in e a c h r e c o r d , a s i n g l e r e s p o n s e r e q u i r e m e n t (whether a s i n g l e 
8 2 
FI SO FI2OMIN(FRI00SP)
 P 7 0 
o CONJ SO FI20-MIN(FRI00SP)FR3 
o 
20 MIN 
Figure 31. Cumulative Records For P70 From Each Condition 
Of Procedure 2, Experiment III: (1) SO FI 20-Min(FR 100:S P), 
(2) CONJ SO FI 20-Min(FR 100:SP) FR 2, (3) CONJ SO FI 20-
Min(FR 100:SP)FR 3, (4) CONJ SO FI 20-Min(FR 100:SP)FR 6. 







































F i g u r e 3 2 . S e l e c t e d C u m u l a t i v e R e c o r d s S h o w i n g T h e R e g e n e r a t i v e P r o p e r t y o f F I S c h e d u l e s . 
( 1 ) P 2 8 7 , F I 2 0 - m i n , ( 2 ) P 7 0 , CONJ SO F I 2 0 - M i n ( F R 3 0 : S P ) F R 1 0 , ( 3 ) P 2 8 9 , CONJ SO F I 2 0 -
M i n ( F R 3 0 : S P ) F R 1 0 , ( 4 ) P 2 8 7 , CONJ SO F I 2 0 - M i n ( F R 1 0 0 : S P ) F R 2 . S e e T e x t F o r D e t a i l s . 
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r e s p o n s e o r a complex u n i t r e s p o n s e o r a complex u n i t r e s p o n s e ) was 
e m i t t e d . The f o l l o w i n g i n t e r v a l ( b ) c o n t a i n s many r e s p o n s e s , f o l l owed by 
an i n t e r v a l ( c ) c o n t a i n i n g a m o d e r a t e number o f r e s p o n s e s . Note a l s o 
t h e i n t e r a c t i o n o f v a r i a b l e s p r o d u c i n g v a r i a t i o n s in p a t t e r n s under t h e 
more complex s c h e d u l e s . T h i s r e g e n e r a t i v e n a t u r e of f i x e d - i n t e r v a l s c h e ­
d u l e s h e l p s t o e x p l a i n t h e i n c r e a s e of r e spond ing f o r both P70 and P287 
a f t e r t h e (FR 3 0 : S P ) FR 6 c o n d i t i o n . At t h e s e l e v e l s o f t h e c o n j u n c t i v e 
r a t i o r e q u i r e m e n t , t h e r e q u i r e m e n t was sometimes e m i t t e d a s a s i n g l e 
u n i t in c l o s e c o n t i g u i t y w i t h t h e r e i n f o r c e r , t h u s s e r v i n g t o f u r t h e r 
s t r e n g t h e n r e s p o n d i n g in subsequent i n t e r v a l s . T h i s was seen l e s s o f t e n 
w i t h P2 8 9 . Once t h e c o n j u n c t i v e r a t i o r e q u i r e m e n t was i n c r e a s e d t o a c e r ­
t a i n p o i n t , however , so t h a t many such i n t e r v a l s o c c u r r e d , r e s p o n s e r a t e 
were then d e c r e a s e d . 
P i s c u s s i o n 
The r e s u l t s from Exper iment I I I were c o n s i s t e n t w i t h t h o s e from 
Exper iment I and I I . The i n t e r r e i n f o r c e r t ime i n c r e a s e d on ly s l i g h t l y 
compared t o t h e i n c r e a s e d i n i t i a l pause t ime w i t h i n c r e a s i n g v a l u e s o f 
t h e c o n j u n c t i v e r a t i o r e q u i r e m e n t . In a d d i t i o n , c o n j u n c t i v e s c h e d u l e 
p a t t e r n s were l i k e t h o s e seen under t h e s t a n d a r d c o n j u n c t i v e s c h e d u l e in 
E x p e r i m e n t s I and I I a s w e l l a s p r e v i o u s e x p e r i m e n t s ( B a r r e t t , 1 9 7 5 ; 1 9 7 6 ) . 
Thus t h i s complex s c h e d u l e m a i n t a i n e d r e s p o n d i n g in t h e same manner a s 
s i m p l e r s c h e d u l e s . T h i s cou ld o n l y be t h e c a s e i f t h e f i x e d - r a t i o u n i t 
were f u n c t i o n a l l y t h e o p e r a n t , s i n c e i t changed i n t h e same manner as a 
s i n g l e r e s p o n s e in s i m p l e s c h e d u l e s . Other a s p e c t s o f t h e p r e s e n t e x p e r ­
iments a l s o s u p p o r t t h e f i x e d - r a t i o u n i t a s t h e f u n c t i o n a l o p e r a n t . In 
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F i g u r e 3 2 , t h e r e were d e m o n s t r a t i o n s o f t h e r e g e n e r a t i v e p r o p e r t i e s of 
f i x e d - i n t e r v a l s c h e d u l e s , not o n l y o f a s i n g l e keypeck , but of a more 
complex u n i t as w e l l . In a d d i t i o n , dur ing Exper iment I I , when t h e b i r d s 
paused t h e e n t i r e l e n g t h o f t h e i n t e r v a l under t h e s e c o n d - o r d e r s c h e d u l e , 
then e m i t t e d o n l y t h e u n i t r e s p o n s e (h igh r e i n f o r c e m e n t p r o b a b i l i t y ) , 
r e spond ing in t h e f o l l o w i n g c o n j u n c t i v e s c h e d u l e was o f t e n g r e a t l y e n ­
h a n c e d . (A l so an i n d i c a t i o n o f an i n t e r a c t i o n between t h e two components 
o f t h e m u l t i p l e s c h e d u l e . ) A c a r e f u l e x a m i n a t i o n o f t h e c u m u l a t i v e r e c o r d 
r e v e a l e d no such enhancement o f r e s p o n d i n g in t h e subsequent s e c o n d - o r d e r 
s c h e d u l e when t h e c o n j u n c t i v e s c h e d u l e r e q u i r e m e n t was met a f t e r t h e i n t e r 
v a l had e l a p s e d . 
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CHAPTER V 
GENERAL DISCUSSION AND CONCLUSIONS 
The p r e c e d i n g e x p e r i m e n t s were d e s i g n e d t o i n v e s t i g a t e t h e v a r i ­
a b l e s t h a t a r e assumed t o c o n t r o l p e r f o r m a n c e under s e c o n d - o r d e r and 
c o n j u n c t i v e s c h e d u l e s o f r e i n f o r c e m e n t . In E x p e r i m e n t I , t h e e f f e c t s 
on p e r f o r m a n c e o f a r r a n g i n g r e s p o n s e s and r e i n f o r c e m e n t in d i f f e r e n t 
t e m p o r a l r e l a t i o n s h i p s were compared. Consequent s t i m u l i which may have 
a l t e r e d r e s p o n d i n g by e i t h e r i n c r e a s i n g o r d e c r e a s i n g r a t e s a n d / o r changing 
t h e p a t t e r n o f r e s p o n d i n g were i n t r o d u c e d in Exper iment I I . The r o l e of 
a consequent s t i m u l u s and i t s a s s o c i a t i o n w i t h food was a l s o examined 
( S n p v s . S P ) . F i n a l l y , t h e c o h e s i v e p r o p e r t i e s o f u n i t p e r f o r m a n c e under 
t h e s e c o n d - o r d e r s c h e d u l e were t e s t e d in E x p e r i m e n t s I I and I I I . The 
r e s u l t s o f E x p e r i m e n t I I I de termined i f adding a d d i t i o n a l u n i t s c h e d u l e 
r e q u i r e m e n t s t o a s e c o n d - o r d e r s c h e d u l e a l t e r e d p e r f o r m a n c e in t h e same 
manner a s when a d d i t i o n a l s i n g l e r e s p o n s e s a r e r e q u i r e d under a f i x e d -
i n t e r v a l s c h e d u l e o f r e i n f o r c e m e n t . 
To summarize the g o a l s of t h e s e e x p e r i m e n t s : 
1 . To i n v e s t i g a t e t h e e f f e c t s upon p e r f o r m a n c e o f d i f f e r e n t t e m p o r a l 
r e l a t i o n s h i p s between r e s p o n s e s and r e i n f o r c e r s . 
2 . To i n v e s t i g a t e t h e e f f e c t s o f b r i e f s t i m u l u s p r e s e n t a t i o n s upon complex 
s c h e d u l e p e r f o r m a n c e , and d e t e r m i n e t h e e x t e n t t o which t h e s e depend 
upon t h e a s s o c i a t i o n o f t h e s t i m u l u s w i t h food . 
3 . To t e s t t h e e x t e n t t o which u n i t s c h e d u l e p e r f o r m a n c e i s e x e c u t e d 
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a s a s i n g l e r e s p o n s e . 
4 . To a t t e m p t t o e x t e n d the g e n e r a l p r i n c i p l e s u n d e r l y i n g b e h a v i o r , such 
a s p a t t e r n s and r a t e s o f r e s p o n d i n g , under s imple s c h e d u l e s of r e i n ­
forcement t o more complex s c h e d u l e s . 
In Exper iment I , r e spond ing was m a i n t a i n e d under b o t h t h e c o n j u n c ­
t i v e and s e c o n d - o r d e r s c h e d u l e s throughout t h e r a n g e s o f v a l u e s examined. 
At t h e l a r g e s t v a l u e o f t h e r a t i o (FR 3 0 0 ) , responding became s t r a i n e d , 
i . e . , long p a u s e s o c c u r r e d , so t h a t t h e r a t i o r e q u i r e m e n t was completed 
a f t e r t h e i n t e r v a l had e l a p s e d under b o t h s c h e d u l e s . However, t h e r e s p o n s e 
measures c l e a r l y i n d i c a t e a d i f f e r e n c e between the two s c h e d u l e s , e s p e c i a l l y 
in t h e t e r m i n a l segments when r e s p o n s e s were c l o s e to t h e r e i n f o r c e r . But 
does Baum's c o n t e n t i o n o f a more m o l a r v i e w , a " c o r r e l a t i o n a l " law o f 
e f f e c t add any more t o our u n d e r s t a n d i n g o f s c h e d u l e - c o n t r o l l e d b e h a v i o r ? 
I s Baum r e a l l y s a y i n g any more than when a r e s p o n s e i s r e i n f o r c e d , p r e ­
c e d i n g r e s p o n s e s a r e a l s o s t r e n g t h e n e d , ( C a t a n i a , 1 9 7 1 ) . E . a t h e r , i t i s 
s u g g e s t e d t h a t t h e b e h a v i o r o c c u r r i n g dur ing t h e e a r l y segments o f t h e 
c o n j u n c t i v e s c h e d u l e i n t e r v a l ( r e s u l t i n g in a r e d u c e d pause t i m e ) was s e n ­
s i t i v e t o t h e p r e s e n t a t i o n o f a t e m p o r a l l y d i s t a n t e v e n t , i . e . , t h e r e i n ­
f o r c e r t e r m i n a t i n g t h e i n t e r v a l ( B a r r e t t , 1 9 7 6 ) . F o r m u l a t i o n o f a new 
" c o r r e l a t i o n a l " law o f e f f e c t i s n o t n e c e s s a r y t o e x p l a i n t h e p r e s e n t 
f i n d i n g s . 
T h e r e was e v i d e n c e p r e s e n t e d in E x p e r i m e n t I I t h a t t h e b r i e f s t i ­
mulus may be s e r v i n g a d i s c r i m i n a t i v e f u n c t i o n in s e c o n d - o r d e r s c h e d u l e s , 
r e s u l t i n g in w i t h i n - u n i t p a t t e r n i n g . The p r e s e n c e o f p a t t e r n i n g was seen 
on ly i n t h e s e c o n d - o r d e r s c h e d u l e components where t h e r e was a f i x e d r e l a ­
t i o n s h i p between b r i e f s t i m u l u s p r e s e n t a t i o n s and food , but was a b s e n t in 
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t h e c o n j u n c t i v e s c h e d u l e where t h a t same r e l a t i o n s h i p was v a r i a b l e . In 
a d d i t i o n , t h e p a t t e r n i n g t h a t was p r e s e n t in t h e s e c o n d - o r d e r s c h e d u l e 
was most o f t e n s een c l o s e t o t h e end o f t h e i n t e r v a l . This a g a i n s u p p o r t s 
t h e d i s c r i m i n a t i v e s t i m u l u s h y p o t h e s i s , s i n c e t h e c l o s e r t o t h e r e i n f o r c e r , 
t h e more c o n t r o l t h e b r i e f s t i m u l u s would e x e r t o v e r r e s p o n d i n g . L i t t l e 
e v i d e n c e o f p a t t e r n i n g was seen in t h e e a r l y segments o f t h i s long ( 2 0 min) 
i n t e r v a l . 
F i n a l l y , from a l l t h r e e e x p e r i m e n t s , t h e r e g e n e r a t i v e p r o p e r t y o f 
t h e f i x e d - i n t e r v a l s c h e d u l e was s e e n , whe ther a s i n g l e r e s p o n s e o r a com­
p l e x u n i t was in q u e s t i o n . In a d d i t i o n , Exper iment I I I p r o v i d e d e v i d e n c e 
t h a t t h e u n i t s c h e d u l e p e r f o r m a n c e was a c t i n g a s a s i n g l e r e s p o n s e , s i n c e 
changes in r e s p o n s e measures p a r a l l e l e d t h o s e seen in f i x e d - i n t e r v a l 
s c h e d u l e s when a c o n j u n c t i v e r a t i o r e q u i r e m e n t was added. However, t h a t 
i s n o t t o s a y t h a t t h e s e c o n d - o r d e r s c h e d u l e was w i t h o u t i n f l u e n c e , p r o ­
v i d i n g v a r i a t i o n s in t h e in t h e p a t t e r n o f r e s p o n d i n g . F o r i n s t a n c e , t h e 
n e g a t i v e a c c e l e r a t i o n in t h e t e r m i n a l segments o f t e n seen under t h e c o n ­
j u n c t i v e s c h e d u l e s in E x p e r i m e n t s I and I I was n o t o b s e r v e d in t h e c o n ­
j u n c t i v e s e c o n d - o r d e r s c h e d u l e . Thus , i t a p p e a r s t h a t t h e r e i n f o r c e m e n t 
o f s h o r t IRTs a s s o c i a t e d wi th r a t i o u n i t r e q u i r e m e n t s m a i n t a i n e d i n c r e a s i n g 
r a t e s dur ing t h e s e t e r m i n a l s e g m e n t s . Thus , b o t h s c h e d u l e r e q u i r e m e n t s , 
t h e c o n j u n c t i v e s c h e d u l e and t h e s e c o n d - o r d e r s c h e d u l e , e x e r t e d t h e i r 
i n f l u e n c e o v e r t h e p a t t e r n and r a t e s o f r e s p o n d i n g . 
In E x p e r i m e n t s I and I I , adding a r a t i o r e q u i r e m e n t t o a f i x e d -
i n t e r v a l s c h e d u l e had t h e e f f e c t o f i n c r e a s i n g o v e r a l l r e s p o n s e r a t e s under 
both t h e c o n j u n c t i v e and t h e s e c o n d - o r d e r s c h e d u l e components . At t h e 
l a r g e s t v a l u e o f t h e r a t i o r e q u i r e m e n t , r a t e s d e c r e a s e d in t h e b r i e f s t i -
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iiiulus p r o c e d u r e s . A c o n j u n c t i v e s e c o n d - o r d e r s c h e d u l e was i n v e s t i g a t e d 
in E x p e r i m e n t I I I . When a c o n j u n c t i v e r a t i o r e q u i r e m e n t was added t o 
t h e s e c o n d - o r d e r s c h e d u l e , o v e r a l l r a t e s i n c r e a s e d and then d e c r e a s e d a t 
t h e h i g h e s t v a l u e s o f t h e r a t i o s . In e x p e r i m e n t s I and I I , a l t h o u g h the 
t e r m i n a l r a t e s i n t h e s e c o n d - o r d e r s c h e d u l e component were h i g h e r , t h e 
i n t e r a c t i o n w i t h t h e i n c r e a s e d pause t ime and t h e i n t e r r e i n f o r c e r t i m e , 
coupled as i n t e r a c t i o n would be t o use d i f f e r e n t s t i m u l i f o r t h e b r i e f 
s t i m u l u s in e a c h component. However, u n t i l the v a r i a b l e s c o n t r o l l i n g 
t h e b e h a v i o r under e a c h o f t h e s e s c h e d u l e s , t h e c o n j u n c t i v e and t h e s e c o n d -
o r d e r s c h e d u l e s , a r e more c l e a r l y u n d e r s t o o d , i t would be a d v a n t a g e o u s t o 
s t u d y them in i s o l a t i o n . Once t h e c o n t r o l l i n g v a r i a b l e s a r e d e t e r m i n e d , 
then i t would be i n f o r m a t i v e t o s tudy t h e s e s c h e d u l e s a r r a n g e d in a m u l t i ­
p l e s c h e d u l e , and d i r e c t l y m a n i p u l a t e p o s s i b l e i n t e r a c t i o n s such a s c o n t r a s t 
and i n d u c t i v e e f f e c t s ( R e y n o l d s , 1 9 6 1 ) , between t h e two components . I f 
t h e i n c r e a s e d i n t e r r e i n f o r c e r t i m e i s p l a y i n g an i m p o r t a n t r o l e under t h e 
s e c o n d - o r d e r s c h e d u l e , t h e l e n g t h o f t h e i n t e r v a l should be a d j u s t e d t o 
compensate f o r i n c r e a s e d s i z e s o f u n i t s c h e d u l e r e q u i r e m e n t s . 
F i n a l l y , a d d i t i o n a l e m p i r i c a l e v i d e n c e i s needed t o e s t a b l i s h t h e 
r o l e o f t h e b r i e f s t i m u l u s under complex s c h e d u l e s of r e i n f o r c e m e n t . The 
p r e s e n t e x p e r i m e n t ( I I ) s u p p o r t s t h e d i s c r i m i n a t i v e s t i m u l u s h y p o t h e s i s . 
However, more complex s c h e d u l e s should be s t u d i e d in which t h e r e l a t i o n ­
s h i p between b r i e f s t i m u l i p r e s e n t a t i o n s and t h e b r i e f s t i m u l u s p r e s e n t a ­
t i o n and food i s n o t f i x e d ( i . e . , c o n j u n c t i v e , c o n c u r r e n t , and c o n j o i n t 
s c h e d u l e s ) . 
I t a p p e a r s t h a t a l t h o u g h s e c o n d - o r d e r s c h e d u l e s w e r e , in p a r t , 
de s igned t o s t u d y t h e c o n d i t i o n e d r e i n f o r c i n g e f f e c t s w i t h t h e f a c t t h a t 
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re spond ing began s o o n e r ( s h o r t e r pause t i m e ) in t h e c o n j u n c t i v e s c h e d u l e , 
kept t h e o v e r a l l r a t e s in both components about t h e same. The c o n j u n c t i v e 
s e c o n d - o r d e r s c h e d u l e , on t h e o t h e r hand, combined both t h e s e r a t e - e n h a n c ­
ing e f f e c t s f o r P70 and P 2 8 7 . Pause t imes were n o t s i g n i f i c a n t l y i n c r e a s e d 
u n t i l t h e l a r g e s t v a l u e of t h e c o n j u n c t i v e r a t i o r e q u i r e m e n t . T h i s f a c t , 
combined wi th a p o s i t i v e l y i n c r e a s i n g r a t e of re sponding d u r i n g the t e r m i n a l 
s e g m e n t s , a s w e l l a s t h e r e g e n e r a t i v e p r o p e r t y o f t h e f i x e d - i n t e r v a l , r e ­
s u l t e d in g r e a t e r a b s o l u t e r a t e changes under t h i s complex s c h e d u l e . 
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CHAPTER VI 
IMPLICATIONS FOR FUTURE RESEARCH 
The p r e s e n t e x p e r i m e n t s have shown t h a t e a c h o f t h e v a r i a b l e s 
which c o n t r o l b e h a v i o r under f i x e d - i n t e r v a l s c h e d u l e s a l s o e x e r t t h e i r 
i n f l u e n c e under more complex s c h e d u l e s . The imposed r e s p o n s e r e q u i r e m e n t s 
e x e r t t h e i r i n f l u e n c e , a s w e l l . These v a r i a b l e s i n t e r a c t w i t h the ongoing 
b e h a v i o r in a complex manner . The i n t e r a c t i o n s l e a d t o g r e a t e r v a r i a b i l i t y 
in p e r f o r m a n c e measures which a r e o r d i n a r i l y s t a b l e in f i x e d - i n t e r v a l s c h e ­
d u l e s ( e . q . , q u a r t e r - l i f e v a l u e s , pause t i m e , e t c . ) . However, t h e f a c t 
t h a t t h e s e complex s c h e d u l e s y i e l d more c o m p l i c a t e d i n t e r a c t i o n s wi th 
t h e b e h a v i o r i s e n c o u r a g i n g s i n c e human b e h a v i o r then i s m a i n t a i n e d by 
r e i n f o r c i n g s t i m u l i in t h e normal environment i s a l s o c h a r a c t e r i z e d by 
v a r i a b i l i t y . F o l l o w i n g a r e s u g g e s t i o n s t o r e d u c e t h i s v a r i a b i l i t y so t h a t 
t h e a p p r o p r i a t e v a r i a b l e s under t h e s e complex s c h e d u l e s can be i s o l a t e d . 
E x p e r i m e n t s I and I I seemed t o have been f u r t h e r c o m p l i c a t e d by 
p r e s e n t i n g t h e two s c h e d u l e s a s components in a m u l t i p l e s c h e d u l e . Not 
o n l y d id t h e b e h a v i o r w i t h i n components i n t e r a c t w i t h t h e dependenc ie s 
s c h e d u l e d f o r t h a t component, but t h e r e may have been an i n t e r a c t i o n between 
components , as w e l l . One way t o p o s s i b l y e l i m i n a t e such an i n t e r a c t i o n 
would be t o use d i f f e r e n t s t i m u l i f o r t h e b r i e f s t i m u l u s in each compo­
n e n t . However, u n t i l t h e v a r i a b l e s c o n t r o l l i n g t h e b e h a v i o r under e a c h 
o f t h e s e s c h e d u l e s , t h e c o n j u n c t i v e and t h e s e c o n d - o r d e r s c h e d u l e s , a r e 
more c l e a r l y u n d e r s t o o d , i t would be a d v a n t a g e o u s to s tudy them in i s o l a -
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t i o n . Once t h e c o n t r o l l i n g v a r i a b l e s a r e d e t e r m i n e d , then i t would be 
i n f o r m a t i v e t o s tudy t h e s e s c h e d u l e s a r r a n g e d in a m u l t i p l e s c h e d u l e , 
and d i r e c t l y m a n i p u l a t e p o s s i b l e i n t e r a c t i o n s such a s c o n t r a s t and i n d u c ­
t i v e e f f e c t s ( R e y n o l d s , 1 9 6 1 ) , between t h e two components . I f t h e i n c r e a s e d 
i n t e r r e i n f o r c e r t ime i s p l a y i n g an i m p o r t n a t r o l e under t h e s e c o n d - o r d e r 
s c h e d u l e , t h e l e n g t h o f t h e i n t e r v a l should be a d j u s t e d t o compensate 
f o r i n c r e a s e d p a r a m e t e r v a l u e s o f t h e u n i t s c h e d u l e . 
F i n a l l y , a d d i t i o n a l e m p i r i c a l e v i d e n c e i s needed t o e s t a b l i s h the 
r o l e of t h e b r i e f s t i m u l u s under complex s c h e d u l e s of r e i n f o r c e m e n t . 
E x p e r i m e n t I I s u p p o r t e d the d i s c r i m i n a t i v e s t i m u l u s h y p o t h e s i s . However, 
o t h e r s c h e d u l e s should be s t u d i e d in which the r e l a t i o n s h i p between b r i e f 
s t i m u l i p r e s e n t a t i o n s and the b r i e f s t i m u l u s p r e s e n t a t i o n and food i s n o t 
f i x e d ( i . e . , c o n j u n c t i v e , c o n c u r r e n t , and c o n j o i n t s c h e d u l e s ) . 
I t a p p e a r s t h a t a l t h o u g h s e c o n d - o r d e r s c h e d u l e s w e r e , in p a r t , 
d e s i g n e d t o s t u d y t h e c o n d i t i o n e d r e i n f o r c i n g e f f e c t s o f b r i e f s t i m u l i , 
f i x e d u n i t s p r o v i d e an i n h e r e n t f i x e d r e a l t i o n s h i p , and t h e r e f o r e n e g a t e s 
t h e p o s s i b l e u s e f u l n e s s o f t h i s s c h e d u l e t o t h a t end. However, t h e s e c o n d -
o r d e r s c h e d u l e has proven t o be a u s e f u l t o o l in i n v e s t i g a t i n g t h e q u e s ­
t i o n o f t h e f u n c a t i o n a l o p e r a n t In s c h e d u l e c o n t r o l l e d b e h a v i o r . A d d i t i o n a l 
e x p e r i m e n t s m e r i t i n v e s t i g a t i o n o f combining o t h e r s c h e d u l e r e q u i r e m e n t s 
w i t h t h a t o f t h e s e c o n d - o r d e r s c h e d u l e s , a s in E x p e r i m e n t I I I , t o e x p l o r e 
more f u l l y t h e complex u n i t s of b e h a v i o r . 
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